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ABSTRACT 
Watson, S.R. 1988. Frost hardiness of balsam poplar {Populus balsamifera L.) 
during the spring dehardening period. Lakehead University, Thunder Bay, 
Ontario. 
Keywords: Populus balsamifera, frost hardiness, dehardening, 
genetic variation, clones. 
Changes in the frost hardiness of balsam poplar {Populus balsamifera L.) 
cuttings from four populations along a latitudinal transect from N. Wisconsin to 
Bearskin L, Ontario, were examined during the spring of 1987. Hardiness levels of 
dormant stem cuttings from the two extreme populations were examined after 
various incubation periods, under two different dehardening temperature regimes, 
with a standard freezing test (freezing temperatures: -S.-l 1 ,-19, and -27° C). 
Northern clones were less susceptible to frost injury than southern clones during 
the spring dehardening period, and this phenomenon was closely related to the 
tendency of northern clones to remain dormant longer than southern clones. High 
within-population variation was also noted in hardiness levels and bud break 
characteristics. Leaf tissue dehardened more rapidly than stem tissue, and the 
dehardening process occured more rapidly at the higher incubation temperature. 
A second study in which cuttings from the four provenances were subjected 
to a series of controlled freezing temperatures (-3,-6,-9,-12,-18, and -24° C) at 
parallel developmental stages revealed that provenance differences in frost injury 
were essentially a function of differential shoot phenology at the time of freezing. 
Cuttings were hardy to -18° C when leaf expansion first became visible, and could 
be subjected to -12° C without injury when the newly expanding shoot became 
visible, indicating that an attenuated form of hardiness may exist even when the 
shoots are actively growing. 
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INTRODUCTION 
This study was initiated to obtain a more comprehensive understanding of the 
ecological genetics of Populus balsamifera L This species is presently being 
investigated at Lakehead University in Thunder Bay, Ontario for potential use in 
short rotation silvicultural systems . As noted by Rehfeldt (1979), an understanding 
of the ecological genetics of a species is fundamental to the development of 
comprehensive silvicultural and tree improvement programs. 
The goal of this study was to investigate the susceptibility of balsam poplar to 
to freezing temperatures which might be encountered during spring growth 
initiation. Injuries to plants due to low temperature are of great importance where 
freezing occurs. As a result, the nature of damage caused to plants by freezing has 
been the topic of a great deal of research. Although the development of cold 
hardiness (and its' environmental control) has been well studied, less is known 
about the conditions and rates of dehardening. To date, there have been only 
limited investigations into the dehardening of boreal hardwood species. The 
general relationship appears to be as follows (Levitt, 1980): 
(1) After physiological dormancy is overcome through the chilling process, plants 
lose hardiness if exposed to dehardening temperatures. 
(2) Wide species variation exists in the nature and rapidity of the dehardening 
process, and the process appears to proceed more rapidly at higher temperatures. 
(3) Genetic variation in frost hardiness has been found to exist within and between 
natural populations of forest tree species during this period. 
In addition to evaluating the dehardening characteristics of balsam poplar, 
the pther main goal of this study was to examine genetic variation in frost hardiness 
within and between widely separated populations of balsam poplar. In this regard, 
dehardening was evaluated as a possible adaptive characteristic. 
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LITERATURE REVIEW 
. COLD RESISTANCE AND FREEZING INJURY IN PLANTS 
Cold injury has been an important factor in the reduction of growth and 
quality of forest tree species (Plenkema, 1964; Strain, 1966). The nature of injuries 
caused to plants by freezing has been the subject of a great deal of research . 
Reviews on the subject have been written by Levitt (1956,1966, 1980), Olien 
(1967) and Mazur (1969). According to Levitt (1980), there are two main types of 
freezing injury; (1) primary direct injury due to intracellular freezing, and (2) 
secondary freeze-dehydration injury due to extracellular freezing. The former, 
which is rarely observed in nature (Scarth, 1944), is usually related to the rupturing 
of cel! membranes by ice crystals that form in the protoplasm and distrupt the 
protoplasm. The latter is most often explained in terms of a freeze-induced water 
stress resulting from the diffusion of the cell's water to extracellular ice centers. 
If a plant is to survive in climates with seasonal freezing temperatures it must 
minimize damage associated with intracellular and extracellular freezing. In terms 
of freezing resistance, there are essentially two main adaptive strategies available 
to the plant - avoidance and tolerance. Levitt (1978) states that the only resistance 
strategy that must be developed by all vegetative plants, in order to survive the 
freezing stress of temperate climates, is extracellular freezing tolerance. However, 
some species combine avoidance strategies (i.e. avoidance of ice formation at 
freezing temperatures) with the strategy of tolerance of extracellular freezing. 
For example, most Eastern deciduous forest species avoid freezing in their 
xylem ray parenchyma by "deep supercooling" to temperatures as low as -40°c in 
midwinter (Burke et al., 1977). Supercooling probably occurs because of a lack of 
nucleating substances in these tissues necessary for ice initiation. In the absence 
of nucleating centers, pure water can supercool (remain as a liquid) to -38 °C. 
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FACTORS RELATED TO FREEZING TOLERANCE 
The seasonal change in the ability of a tree to resist freezing injury is referred 
to as the frost-hardiness process. A large number of conflicting observations have 
been made on the mechanisms controlling the frost-hardiness process (Olien, 
1967, Mazur, 1969, and Levitt, 1980). During the late spring and early summer 
when a plant is actively growing, it has the least resistance to freezing injury (i.e. a 
non-hardy state). However, in the fall when a plant is in a transitional state to 
maximum winter hardiness, numerous physiological and biochemical changes 
occur within the plant. Increased frost hardiness has been associated with general 
protoplasmic augmentation, including a build-up of substances such as sugars, 
proteins, lipids, amino acids, and nucleic acids (Weiser, 1970). However, as noted 
by Glerum (1976), correlations between these substances and frost hardiness 
levels can rarely be applied simultaneously during hardening, and they are 
generally considerably poorer during the dehardening period. 
Water content is frequently inversely related to hardiness (Levitt, 1956) 
although some exceptions do exist. The water content of sycamore (Platanus 
occidentalis L.) twigs fluctuates during the winter in a manner that does not parallel 
freezing tolerance (Le Saint and Catesson, 1966). Early investigators assumed 
that the total amount relatively stable "bound water" in close association with 
biological macromolecules, was an important aspect of the hardiness process. In 
this regard, bound water plays a decisive role in preserving the structure of 
membranes and other native macromolecules under freezing temperatures. 
Subsequent investigations by Heber, (1959), Levitt (1969), and Brown et al. (1970), 
have cast serious doubts on the importance of bound water to the hardiness 
process. 
In the 1970's, a great deal of research was focused on changes in the cell 
membrane during cold acclimation. Numerous reports indicate that there is an 
increase in phospholipids during the hardening process (Siminovitch et al, 1968, 
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1975; Yoshida, 1969). The build-up of phospholipid reserves may be necessary to 
replace those degraded during freezing (Yoshida and Sakai, 1974). Low 
temperature is also known to cause an accumulation of polyunsaturated fatty acids 
(Gerloff et al., 1966), and unsaturated fatty acids are said to increase the fluidity of 
cell membranes, presumably making them less susceptible to mechanical damage 
at lower temperatures (Akamatsu, 1974). Glerum (1976) points out that it is not 
known to what extent these changes in the quantities of phospholipids and 
unsaturated fatty acids represent changes in the cellular membrane. 
Timmis and Worrall (1974) have provided evidence that the mechanism that 
controls frost hardiness is localized in nature, occurring in each cell or tissue type. 
They obtained a 25°C difference in hardiness on different branches of Douglas fir 
fPseudotsuaa menziesii (Mirb.) Franco var menziesib located on the same 
seedling. The localized nature of chilling in inducing hardiness has also been 
reported by Howell and Weiser (1970). The concept of a translocatable hardiness- 
promoting factor (i.e. a sugar or growth regulating hormones) was proposed and 
supported by these investigators. 
Levitt (1962) has proposed a theory which suggests a molecular basis for 
freezing injury and tolerance. According to his sulfhydryl (SH) hypothesis of 
freezing injury, low temperature causes structural proteins to become reversibly 
denatured, unmasking reactive SH groups. As freeze- dehydration removes cell 
water during freezing, these proteins are forced into closer proximity. This 
compaction causes sulfhydryl groups in adjoining proteins (or in adjoining strands 
of the same protein) to become linked through the formation of disulfide (SS) 
bonds. These bonds aggregate the proteins irreversibly, killing the cell upon 
rehydration during thawing. Levitt suggests that biochemical changes 
accompanying frost hardening are those which reduce the likelihood of disulfide 
bond formation (i.e. freezing tolerance involves increases in the resistance toward 
5 
the oxidation of SH groups). However, Mazur (1969) points out several difficulties 
with this hypothesis. 
Levitt presents evidence that the number of disulfide bonds increases with 
freezing injury, but there is no evidence that this is the cause and not the result of 
freezing injury. Furthermore, the theory has been applied to injury from both intra- 
and extracellular freezing, despite the fact that it most satisfactorily accounts for 
9 
injuries observed when higher plants are frozen very slowly and thawed rapidly. 
More comprehensive reviews on the factors related to freezing tolerance are 
given by Mazur (1969) and Levitt (1980). 
METHODS OF EVALUATING FROST HARDINESS 
Frost hardiness is a general term for the resistance of a plant to freezing 
injury. It is usually a reflection of freezing tolerance, since freezing tolerance is the 
major mechanism of frost resistance. Hardiness has been evaluated in terms of the 
frost killing point, the freezing temperature required to kill 50 percent of the plant 
(Johansson et al., 1955). Other measures include the "ultimate frost-killing point", 
resulting in 100 percent killing, or the "incipient frost-killing point" that just begins to 
cause injury. 
Relative differences in the hardiness of trees were originally evaluated in 
terms of field survival. But this method proved to be slow and inaccurate owing to 
the many complex relationships involved (Olien, 1967). Artificial freezing tests 
under controlled conditions are now used to test the hardiness of plants. According 
to Levitt (1956), the freezing test generally consists of lowering the temperature of 
the material (i.e. seedlings or tissue samples) at a standard rate, often between 1° - 
5°C per hour, to a series of predetermined temperatures. 
There are several factors of importance in a freezing test. As demonstrated 
by Pfeiffer (1933), the rate of cooling may influence the frost killing point of plants. If 
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cooling occurs too rapidly (5 - 20°C/minute), intracellular ice formation may occur 
(Levitt, 1980). The length of time for which plant material is maintained at the 
freezing temperature is also of importance, as pointed out by Day and Peace 
(1937) and Aronsson and Eliasson (1970). Also, the rate of thawing may influence 
the development of damage (lljun, 1934; Levitt, 1966). 
Numerous methods for determining the damage caused to the tissues during 
freezing have been developed. These tests are designed to determine whether: 
(1) enzyme and metabolic functions have been impaired, or (2) cell membranes 
have been damaged or destroyed.. A summary of these viability tests was provided 
by Timmis (1976) and is given in Table 1. Methods for determining whether a cell 
or tissue is alive or dead have also been covered by Parker (1953). 
PLANT DISTRIBUTION AND FROST HARDINESS 
The ability of plants to survive subfreezing temperatures is of interest in the 
study of distribution, succession, and migration of plants, because 
climate is generally considered the most important environmental factor affecting 
plant distribution (Alden and Hermann, 1971; Sakai and Weiser, 1973). It has 
been suggested that seasonal freezing temperature are the single environmental 
factor that limit the northward migration of various native trees. Studies conducted 
on willows fSalix spp.) native to warm climates (Sakai, 1970) and loblolly pine 
fPinus taeda L.UPosen. 1967) have shown that some species are capable of 
developing cold tolerance greater than the minimum temperature of their 
ecological range. 
In spite of evidence indicating that injury from freezing does not limit the 
range of plants in regions of seasonal subfreezing temperatures, it has been 
suggested that low temperature is one of the most significant natural environmental 
factors causing direct plant injury in cold climates (Campana, 1964). 
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Table 1. Methods for evaluating damage to plant tissues (condensed from 
Timmis, 1976). 
Name of method Theory for injured Method of Reference 
tissue measurement 
(A) METHODS BASED ON IMPAIRMENT OF ENZYME AND METABOLIC FUNCTIONS 
1. Morphological 
Bud tissue 
browning 
2. Physiological 
Photosynthesis 
3. Chemical 
Tri-phenyl tetra- 
zolium chloride 
Phenol-amine group Visual assessment Alden, 1971 
reactions and sub- 
sequent oxidations. 
Cholorplasts break Infrared gas Neilson et al., 
down. Mesophyll analysis 1972 
diffusion resistance 
increases. 
Inactivated dehydro- Incubation and 
genases cannot reduce absorbance of 
this vacuum infil- red alcohol extract, 
trated substance. 
Steponkus and 
Lanphear, 
1967. 
(B) METHODS BASED ON DAMAGE TO CELL MEMBRANES 
4. Electrical 
Electrolytic 
method 
Ions leak from cells. Conductivity of 
solution. 
Dexter et al., 
1932, Wilner, 
1960 
Impedance Ionic conductance of 
membrane increases. 
Inserted electrodes 
and impedance 
bridge circuit. 
Greenham and 
Daday, 1957, 
van den 
Driessche,1973 
\ 
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Burke et al. (1976) and George and Burke (1977) have indicated that low 
temperature extremes affect the range of most Eastern deciduous forest species 
and fruit tree cultivars. As previously mentioned, these species avoid freezing in 
some of their tissues by "deep supercooling" to temperatures as low as -40°C in 
midwinter. As a result, these species are confined to regions where minimum 
winter temperature does not drop below -40°C. 
SEASONAL VARIATION IN FROST HARDINESS 
The development of cold hardiness (also known as cold acclimation) has 
been well studied in woody plants, and most investigators have found that the 
development of hardiness is a two- or three-stage process (Tumnavov and 
Krasavtsev, 1959; Weiser, 1970). Weiser (1970) indicates that the first 
stage of hardening appears to be induced by short days. The second stage is 
apparently induced by low temperatures (i.e. just below 0°C) and a third stage is 
induced by low temperatures in the range of -30° to -50°C. 
The conditions and rates of dehardening in the spring have not been 
intensively studied in natural populations of forest trees (see Glerum, 1973). The 
existing literature (based mainly on horticultural species) suggests that following 
the fall hardening process, while plants are physiologically dormant, brief exposure 
to dehardening temperatures (10° - 20°C) will not result in a loss of hardiness 
(Edgerton, 1954). However, after physiological dormancy is overcome through the 
chilling process, plants will lose hardiness if.exposed to dehardening temperatures 
(Irving and Lanphear, 1967). After physiological dormancy is overcome, plants 
may not reharden substantially if reexposed to low temperatures (Hamilton, 1973). 
However, Howell and Weiser (1970) and Pukacki (1982), have provided evidence 
that the ability to reharden is not lost with the loss of physiological dormancy. 
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Under natural conditions in temperate climates, trees tend to lose hardiness 
over a two-month period in the late winter and early spring. The phenomenon of 
pre-bud burst shoot dehardening has been well documented. Glerum (1973, 
1976) notes that a substantial loss of hardiness in Pinus resinosa Ait, Picea 
mariana (Mill) B.S.P. and Larix laricina (Du Roi) K. Koch before bud break. 
Furthermore, he concluded that Larix laricina still maintained considerable 
hardiness (i.e. between -17° and -11°C) during bud flush. Pinus svivestris L. has 
been observed to lose hardiness gradually over a four-week period in the spring 
when exposed to a constant temperature of 20°C (Aronsson, et al., 1976). Cannell 
and Sheppard (1982) have reported that Picea sitchensis (Bong.) Carr, begins to 
deharden in response to warm temperatures several weeks before bud burst. 
Minimum frost hardiness generally coincides with rapid cell division and 
elongation at the time of bud burst, and this is when the shoots are most at risk from 
frosts. Glerum (1973,1976) has suggested that dehardening may be a two-stage 
process. Timmis and Worrall (1974) considered the onset of elongation to be a 
second stage of dehardening, following warm temperature induced dehardening. 
However, the exact relationship between growth (or conversely dormancy) and 
frost hardiness is not clearly understood. 
The period of minimum frost hardiness occurs at the time of bud burst in 
Picea alauca (Moench) Voss (Nienstadt and King, 1969), Abies balsamea (L) Mill. 
(Lester et al., 1977) and many other conifers. This is not so for Pinus spo. which do 
not reach minimum hardiness until the needles are rapidly elongating (Glerum, 
1973). Similarily, some Larix spp. can tolerate temperatures below -10°C during 
the early stages of bud burst. 
Pelkonen and Glerum (1986) examined clonal variation in the frost hardiness 
of several poplar species using electrical impedance techniques. With this 
technique, fatal injuries due to freezing were identified on the basis of low kHz/MHz 
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impedance ratios {< 2) or a decrease in the KHz impedance. The 1 kHz impedance 
for all clones was found to increase with hardiness levels towards the end of the 
fall, reaching an peak on November 23. Throughout the winter, the 1 kHz 
impedance was found to decrease in frost susceptible clones of P. deltoides X 
euramericana (Dode) Guinier, and remain more or less constant in frost tolerant 
clones of P. deltoides var. occidentalis (pop. 645) and P. balsamifera. Changes in 
the electrical impedance trends when cuttings go from a dormant to an actively 
growing state were also examined in a clone of P. balsamifera and P. deltoides X 
P. euramericana. A rapid decrease in the 1 kHz impedance was observed in both 
clones 12 days prior to bud flush, suggesting that both clones begin dehardening 
several weeks prior to bud burst. However, it should be noted that the impedance 
values observed in this experiment were not correlated to actual levels of freezing 
injury. 
GENETIC VARIATION IN FROST HARDINESS 
Genetic variation in the frost hardiness of North American forest trees has 
been most frequently examined within the context of provenance investigations. 
Large provenance differences have been reported in the rate of autumn hardening 
within Pseudotsuga menziesii (Mirb.) Franco var. menziesii (Scheumann, 1962; 
Cambell and Jorensen, 19731. Pinus sylvestris L. (Jonsson et al., 19811. Pinus 
strobus L. (Mergen, 1963), Quercus rubra L. (Flint, 1972), and many other species. 
In most cases, these large provenance differences can be closely correlated with 
time of bud set (i.e. due to the adaptive differentiation of the species along an 
environmental gradient). 
However, ecotypic variation in frost hardiness has also been reported. 
Rehfeldt (1977), has determined that during cold acclimation, progenies of the 
coastal variety of Douglas fir fPseudotsuga menziesii (Mirb.) Franco var. menziesiil 
are of lesser hardiness than those of the Rocky Mountain variety fP. menziesii var. 
glatjca (Beissn.) Franco). Rehfeldt (1979) has also noted high within-population 
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variance during cold acclimation in P. menziesii var. alauca. Inherent differences in 
hardiness in the spring can often be explained by differences in the onset of 
cambial growth and bud burst (Picea alauca. Nienstadt and King, 1969; Abies 
balsamea. Lester et al., 1977). 
THE SILVICS AND ECOLOGICAL GENETICS OF BALSAM POPLAR 
Balsam poplar fPopulus balsamifera L.) is a deciduous hardwood species, 
ranging from Newfoundland to the northwestern tip of Alaska. The northern 
boundary for the species is defined by the tree line, and the southern boundary 
extends into northern and eastern British Columbia, and east through Alberta, to 
the southern tip of Lake Michigan and into New York and Maine (Roe, 1958). Most 
of balsanl poplar's range is characterized by a continental climate. 
The occurence of balsam poplar is restricted from the very wettest soils, and 
it rarely grows on dry and exposed sites. The species will grow in pure stands on 
lowland alluvial and lacustrine deposits associated with river flats, streambanks, 
sandbars, and the borders of lakes and swamps. Elsewhere, it generally occurs as 
scattered individuals or in small stands, often in association with aspen. 
Shoot growth begins relatively early in the spring. Farmer and Reinholt 
(1986) used a forcing study to examine the chilling requirements and flushing 
pattern of balsam poplar along a latitudinal transect from northern Wisconsin to the 
southwestern shore of Hudson's Bay. It appears that the species requires less 
chilling to overcome physiological dormancy than most other species examined to 
date in central North America, and that the chilling requirement for balsam poplar is 
overcome by early January. 
Pelkonen and Glerum (1986) have reported that the time to bud flush after 
freezing tests was longer and more variable for P. balsamifera clones than for 
various P. deltoides clones. The work of Farmer and Reinholt (1986) also 
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suggests that there is a high degree of variability in the flushing pattern of balsam 
poplar clones. They have observed that 42-48 percent of the total variation in time 
to bud break can be accounted for by clones within populations. Geographical 
source accounted for 19 to 12 percent of variance in time to bud break. 
Furthermore, time to bud break was observed by Farmer and Reinholt (1986) 
to decrease from southern to northern material (ie. northern material broke bud 
earlier than southern material). This geographic trend in days to bud break may 
have adaptive value for populations growing in areas with shorter growing 
seasons, or it may be related to the fall dormancy relations of this species. Northern 
material (Fort Severn, Bearskin Lake) at Thunder Bay set buds in the late summer, 
several weeks before southern (N. Wisconsin) stock. Therefore, despite the fact that 
all of the plants received the same amount of chilling before forcing, they may have 
been in different stages of dormancy induction when the chilling began. 
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METHODOLOGY 
COLLECTIONS 
The experimental material used in this study was collected between 1982 and 
1983 on a latitudinal transect at Longitude 90°W from northern Wisconsin to 
Bearskin Lake, Ontario (see Figure 1). Cuttings from approximately 50 balsam 
poplar ortets were taken from each of the four geographic sources; N. Wisconsin, 
Thunder Bay, Pickle Lake, and Bearskin Lake. A summary of the spring climatic 
conditions associated with each of these provenances is given in Table 2. 
Table 2. Climatic conditions associated with each provenance (1951 -1980) 
during the spring (Sources; Hare and Thomas; 1979, Chapman and 
Thomas,1968, Environment Canada, 1982, Vishner,1954). 
Source Mean Mean anuual 
Annual growing 
Tenp degree days 
(°C) above 5.5°C 
Mean Daily Temperature Mean Mean date of 
(°C) Annual last occurrence 
Frost- of 0°C 
 Free Days 
Mar Apr May June 
Bearskin L. -3.1 
53-54°N 
Pickle L., -0.8 
50-51°N 
Thunder Bay 2.4 
48-49°N 
N. Wisconsin 4.0 
45-46°N 
700-800 -14.4 
900-1000 -10.8 
1100-1200 -6.2 
1300-1400 -4.0 
-4.4 3.6 11.6 
-0.5 6.4 12.9 
2.4 8.3 13.8 
3.0 11.1 16.8 
75-85 June 16 
80-90 June 12 
95-105 June 6 
100-110 May 31 
Ortets in each population were located at least 1 km apart to minimize the 
possibility of selecting ramets from a single naturally occurring clone. Ortets were 
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Figure I. Gcograpfiic sources of the balsam poplar clones used in this study. 
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collected from populations adjacent to roads or rivers. These cuttings were later 
rooted in containers and transplanted in the Lakehead University nursery (Thunder 
Bay, Ontario). 
Evaluations into the frost hardiness of balsam poplar during the spring 
dehardening period were conducted in the spring of 1987. 
EXPERIMENTAL PROCEDURES 
Two experiments were conducted during the course of this investigation. The 
first experiment (Experiment 1) was a study of the dehardening characteristics of 
clones of balsam poplar collected from two widely separated populations. It 
consisted of two trials run in February and March of 1987. Experiment 2 was 
conducted during April,1987. In this second experiment, an attempt was made to 
relate the frost hardiness of balsam poplar to shoot morphology during the initial 
stages of shoot elongation. 
EXPERIMENT 1 
Experiment 1 was designed to (1) evaluate the nature and rapidity of the 
dehardening process in balsam poplar, and (2) evaluate genetic variation in frost 
hardiness within and between two widely separated populations (N. Wisconsin and 
Bearskin L.) during the spring dehardening period. 
This experiment was repeated twice in the spring of 1987. The first trial 
commenced on February 13, 1987. On this date, a total of 96 10-cm long stem 
cuttings (one year-old branches, 5-8 mm in diameter, with two buds each) were 
collected from each of 24 clones established in the nursery (2304 total cuttings). 
Twelve of these clones were randomly selected from ortets in the N. 
Wisconsin (Latitude 46°N, Longitude 90°W) nursery population, and the remaining 
12 clones were selected from the Bearskin Lake (Latitude 52-53° N, Longitude 
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90°W) population. The clones that were selected for each trial of this experiment 
are listed in Appendix I. 
Cuttings from the twelve clones from each source were placed in polyethylene 
bags containing a small amount of damp peat. The cuttings were then subjected to 
two different dehardening temperature regimes. Half of the cuttings were placed in 
model E7 Conviron controlled environment chabmers set at 25°C during the day 
(14 hours) and 15°C at night, and the remaining half were placed in a chamber 
with a 15°C day (14 hours)/5°C night temperature regime. 
Ten cuttings from each clone were removed from each chamber after 0 
(control), 1,4, 9 and 14 days, and eight of these cuttings were assigned to a series 
of four freezing temperatures (i.e. two cuttings at each temperature). The freezing 
temperatures used in this experiment were -3, -11,-19, -27°C. The remaining two 
cuttings per clone were placed directly in the greenhouse to serve as controls. 
Prior to each freezing test, the cuttings were removed from the growth 
chambers and stored at 5°C for six hours to ensure that the cuttings were at the 
same temperature at the beginning of each freezing test. The cuttings were 
removed from the polyethylene bags and placed in wire-mesh baskets according to 
treatment combination. They were then placed in a chest-type freezer, and cooled 
at a rate that did not exceed 3°C per hour, until the first specified air temperature 
(-3°C) was reached. The cuttings were held at this temperature for one hour, after 
which cuttings assigned to this temperature were removed and thawed for 18 hours 
at 5°C. While these cuttings were being thawed, the freezing temperature was 
lowered for the remaining cuttings until the next specified temperature (-11 °C) was 
reached. After an hour at this temperature, the cuttings designated for -11 °C were 
removed and thawed at 5°C (18 hours). This procedure was repeated when the 
freezer reached the designated -19 and -27°C temperature regimes. A 
telethermometer with surface probes (attached to the outer bark of the cuttings) and 
air temperature probes was used to monitor the temperature of the cuttings during 
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the freezing test. The freezing curve of a randomly selected cutting was recorded 
using a Houston Instrument Series 4500 microscribe strip chart recorder. 
After cuttings from each successive level had thawed, they were planted in 
Spencer-Lemaire containers [Hillsons], containing a peat:vermiculite (60:40) 
mixture and randomly placed in a greenhouse under natural lighting conditions. 
The final freezing test (for the 14-day incubation period) was conducted on 
February 28,1987. Once in the greenhouse, date of bud flush was assessed on a 
daily basis (bud break was said to occur when green leaves were visible through 
the top of the bud) until the final viability assessment on March 21,1987. Each 
cutting was examined and placed into one of the damage categories listed in Table 
3. 
Table 3. Damage classification categories 
Value Description Status of Cutting"' 
leaf cambium rooting 
0 no necrosis 
1 necrosis on leaf margin 
2 moderate leaf necrosis 
3 severe leaf necrosis 
4 top bud dead or dormant 
5 all buds dead 
6 leaf and stem tissue alive, no roots 
7 buds dead, stem alive, no roots 
8 dead 
0 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
yes 
yes 
yes 
yes 
yes 
yes 
no 
no 
no 
1 0 = alive; 1 = dead 
Necrosis in stem tissue was assessed using a cut test, in which a small 
section of the bark was sliced off to reveal the cambium. In dead and damaged 
cuttings, the cambium was brown. Buds that had not flushed were sliced in half and 
examined for necrosis. The ability of the cuttings to root from preformed root 
primordia was also evaluated in the final assessment. 
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No attempt was made to assess damage to root tissue, since only a small 
percentage of the cuttings had developed roots at the time of the freezing 
treatments. 
For the ANOVA, the response was based on the percent survival of the eight 
cuttings per clone subjected to the freezing test. The results from all four freezing 
temperatures were combined to give a single measure of the hardiness of a 
particular clone. For example, if live stem tissue was observed on 6 out of the 8 
cuttings taken from a clone during the final assessment, then the measure of 
hardiness for the stem tissue would be 75 percent survival. This response was a 
somewhat indirect measure of hardiness, since the cuttings were subjected to 
different freezing temperatures (-3, -11, -19, and -27° C) during the test. 
However, this parameter was a good indicator of the overall hardiness of a 
particular clone, since all of the cuttings recieved parallel treatments during the 
course of the freezing test. 
A percentage survival value was computed for both leaf and stem tissue on 
the basis of the damage categories listed in Table 3. Mortality to leaf tissue was 
represented by a damage score of 5, 7, or 8; while mortality to stem tissue was 
indicated by a damage score of 8. In this regard, the hardiness of a particular 
cutting was based on the point where mortality occured, as opposed to the point 
where frost injury began to occur. Stem tissues and leaf tissues were considered 
separately because preliminary observations indicated that stem tissues appear to 
be more hardy than leaf tissues. Thus, cuttings with only root meristems alive after 
freezing (ie. damage score = 5) were rarely observed. 
The second trial (Experiment 1.2) was initiated with cuttings collected on 
March 23, 1987. With this trial, an attempt was made to evaluate changes in 
hardiness just prior to and immediately following bud break, since the first test 
placed greater emphasis on changes in hardiness preceding bud break. Due to a 
restriction on the amount of experimental material in the nursery, it was necessary 
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to randomly re-select {with partial replacement) the 12 clones within each source 
for the second trial (see Appendix I). The procedures used in the second trial were 
the same as those used in the first, with the exception of the length of the 
incubation periods used to promote dehardening. Incubation periods of 0, 2, 5, 8, 
and 11 days were used in the second trial. 
The final freezing test for Experiment 1.2 was conducted on April 3, 1987, and 
the final viability assessment was made on April 21, 1987 using the same criteria 
as outlined for the first trial (Table 3). 
EXPERIMENT 2 
Experiment 2 was designed to (1) relate the frost hardiness of balsam poplar 
stem cuttings to shoot morphology during the initial stages of shoot elongation, 
and (2) determine if any provenance differences in frost susceptibility exist amongst 
cuttings at parallel stages of morphological development (ie. to determine whether 
or not provenance differences in hardiness are solely a function of provenance 
differences in the timing of bud-burst and shoot elongation. 
All four geographic sources (N.Wisconsin, Thunder Bay, Pickle Lake, Bearskin 
Lake) were used in the second experiment. Shoot sections (0.5 m in length) with 
dormant buds were collected from each nursery population, over a two-week 
period from April 9-23,1987. They were placed in polyethylene bags containing a 
small amount of damp peat, and placed in a growth chamber with a 15° C day(14 
hours)/ 5° C night temperature regime. These temperatures might typically be 
encountered during the spring dehardening period at the nursery. 
By April 23,1987, cuttings from each population had progressed into various 
stages of shoot elongation. Seven morphological stages were arbitrarily identified 
for this experiment and were assigned values ranging from 1 (immediately prior to 
bud break) to 7 (new shoot visible; leaves almost perpendicular to the stem axis). A 
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full description of the developmental stages used in this experiment is given in 
Table 4. A total of 245 10-cm long stem cuttings (with two buds each) were taken 
from approximately 20 clones within each population. Clones were not evaluated 
on an individual basis in this experiment. Thirty-five of these cuttings were 
associated with each of the seven morphological stages (4 provenances X 7 
morphological stages X 35 cuttings = 980 total cuttings). 
Cuttings were subjected to six freezing temperatures (-3, -6, -9, -12, -18, and 
-24° C) during the freezing test, which was conducted on April 23, 1987. Five 
cuttings (ie. replications) from each of the 28 treatments (4 provenances X 7 
morphological stages) were associated with each freezing temperature, including 
the control. With the exception of the designated freezing temperatures, the 
procedures used in the freezing test were the same as those outlined in 
Experiment 1. Frost damage to the cuttings was evaluated on May 13,1987. 
EXPERIMENTAL DESIGN 
A combination of parametric (ie. such as standard ANOVA techniques in 
which in samples have been drawn from normally distributed populations with 
equal variance) and non-parametric statistics (ie. distribution-free procedures such 
as the Freidman two-way analysis by ranks) were used in the analysis of the results 
of the two experiments. 
Experiment 1 
Both trials of Experiment 1 were set up according to a split-split plot design 
(see Anderson and McLean,1974) with the two dehardening temperature regimes 
tested by the whole plot error (9j), the five incubation periods and the interaction of 
dehardening temperature by incubation period tested by the split plot error (wjj), 
and the remaining effects tested by the split-split plot error 
(within error, epjkij). 
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Table 4. Codes for the seven morphological stages of shoot elongation 
used in Experiment 2. 
Developmental Stage Code Description 
- no external evidence of growth. 
2 - visible swelling of the bud; leaves not yet 
visible. 
3 - green leaves visible through the top of the bud; 
extended less than 1 mm; bud scales still intact. 
4 - leaves visible; extended less than 3 mm; no major 
alteration to the shape of the bud. 
5 - new shoots elongated less than 5 mm; beginning to 
form a vaselike structure. 
6 - neck of vaselike structure irrcreases in diameter 
as leaves begin to develop a perpendicular habit. 
7 - new shoot becomes visible; leaves almost 
perpendicular to the shoot. 
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The linear model for the experiment is as follows: 
Yjjkim - h + Tj + gjij + Pj + TPij + Wjjjj + + TSj|< + PSjk + ^[k]l 
+ TCj[k]l + PCj[k]| + TPSjjk + TPCjjfk]| + e[ijk|]m 
i=1,2 j=1,5 k=1,2 1=1,12 m=1 
where, 
Yjjklm = percent survival from the m^h experimental unit associated with the l^h 
clone nested within the k^^ source, the incubation period, and the i^h 
dehardening period. 
p = overall mean 
Tj = effect of dehardening temperature [fixed] 
5jij = first restriction error within the i^h dehardening temperature. This term is the 
result of a restriction on the randomization of the treatments onto the i^^ 
dehardening temperature's experimental units (ie. due to the correlation of 
errors caused by simultaneously running the treatments associated with all 
five incubation periods in the same growth chamber, under each 
dehardening temperature). To avoid this error term, each dehardening 
temperature/ incubation period treatment combination should have been 
run in a separate growth chamber (see Anderson and McLean, 1974). 
Sk = 
TSik = 
PS] = 
C[k]l = 
TCj[k]l = 
PCj[kjl - 
TPSijk = 
TPCjj[k]| = 
6[ijkl]m - 
effect of the incubation period (fixed). 
effect of the temperature/incubation period interaction. 
second restriction error, zero df. (split plot error). 
effect of the source [random]. 
effect of the temperature/source interaction. 
effect of the incubation period/source interaction. - 
effect of the clone nested within the k^^^ source (random). 
effect of the clone (nested)/dehardening temperature interaction. 
effect of the clone (nested)/incubation period interaction. 
effect of the 3-way interaction between dehardening temperature, 
incubation period, and source. 
effect of the 3-way interaction between dehardening temperature, 
incubation period, and clone nested within source, 
within error, zero df. (split-split plot error). 
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The expected mean square (EMS) table for this design is found in Table 5. 
There was only a single response per treatment combination, which resulted in 
zero degrees of freedom for the error term. Therefore it was necessary to make the 
assumption that the variance components associated with the three-way 
interactions are equal to zero (ie. sjps = Sjpc = O). These interactions were used to 
form the pooled error term shown in Table 5. Valid F-tests cannot be made for 
factors such as dehardening temperature [Tj], and the two-way interaction [TPy], 
since there are zero degrees of freedom associated with the first and second 
restriction errors (whole plot and split plot errors). In order to make a test onthe 
Incubation period [Pj], it was necessary to make the assumption that f[TP] = 0, which 
is the usual test for a split plot design. This limitation in the design was deemed 
acceptable, since detecting source and clone effects and associated temperature 
interactions were the main objectives of the analysis. 
Experiment 2 
Experiment 2 was designed to evaluate the hardiness of balsam poplar stem 
cuttings from four different provenances at seven parallel stages of morphological 
development. Hardiness was said to be based on the percent survival of the 
cuttings subjected to the freezing test (6 freezing temperatures X 5 reps = 30 clones 
for each source/morphological stage combination). The design could be 
interpreted as a two-way ANOVA with one observation per cell, since all 30 cuttings 
in the freezing test were used to form a single experimental unit. However, this 
experiment was evaluated using non-parametric techniques (Table 21, Appendix 
VI); namely the Friedman two-way analysis by ranks (see Bradley 1968, Lehmann 
1975). This technique was used instead of ANOVA techniques due to the 
complications associated with a single observation per cell (ie. zero degrees of 
freedom in the error term). 
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Table 5. Expected Mean Square (EMS) table for Experiment 1. 
2 5 2 12 
F F R R 
i J k I 
Source df EMS 
Dehardening Temp.; [Tj] 
5jjj; 1 St restriction error 
1 0 5 2 12 ^2+24fj 2+I20(7J.2+1204m 
o o 
0 1 5 2 12 0^+24a,^^+I20ac^ 
6) 0 
Incubation Period; [Pj] 
Temp, by period; TPy 
OJjjjj; 2nd restriction error 
2 2 0 2 12 +24cr^2^4a4[P] 
0 1 1 2 12 
2 0 0 2 12 a^+24 a^^^24^[TP} 
a +24 cr 0) 
Source; [S|<] 
Temp, by Source; TS[jk] 
Period by Source; PSjjk] 
Clone/Source; {C{k]|] 
Temp, by Ctone/S; TCj[k] 
Period by Clone/S; PCjkJ 
Error and/or TPS, TPC; 
e[ijkl]m=1 (pooled error) 
1 2 5 1 12 
1 0 5 1 12 
2 2 0 1 12 
22 2511 
22 0511 
44 2011 
46 1111 
^2 + 100/+ 120 0^2 
+2 a _^+ 24 2 po p s 
+1O0 ^ c 
+ 2 o 2 pc 
Total 240 
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RESULTS 
Experiment 1.1 
The most outstanding feature of the first trial of Experiment 1 was the large 
number of cuttings which remained undamaged even after being subjected to the 
lowest temperature in the freezing test (-27°C), regardless of the dehardening 
temperature regime (Table 6). A slight increase in the susceptibility of both stem 
and leaf tissue to frost injury was observed at temperatures below -11 °C after nine 
days incubation. However, only four percent of the cuttings were completely killed 
by exposure to -27°C after 14 days incubation at 25-15°C. Differences in 
hardiness levels after each dehardening treatment are shown in Figure 2; which 
gives the mean hardiness level by source. The hardiness level is defined as the 
lowest temperature to which cuttings can be subjected without causing 100 percent 
mortality. Minimal decreases in hardiness levels (in both leaf and stem tissue) 
were observed during the first trial (Appendix IX, Table 24), and any decreases in 
frost susceptibility were coincident with bud break. Cuttings which had not visually 
begun leaf growth could generally be exposed to -27° C without incurring mortality. 
Percent bud break by clone after 14 days of dehardening is illustrated graphically 
in Figure 3 (tabular form in Appendix III, Table 15). Bud break was said to occur 
when green leaves were visible through the top of the bud (Developmental stage 3, 
Table 4). All of the clones were still dormant after nine days of dehardening, and 
even after 14 days, 56 percent of the cuttings were still dormant. Cuttings from the 
Wisconsin source show some variability in percent bud break (ranging from 0 to 75 
percent) after 14 days at 25-15°C; however, this variability is found to be lacking in 
the remaining 14-day treatment combinations. 
For the purpose of analysis, percent survival values were calculated for both 
leaf and stem tissue (Appendix IV, Table 17). Despite the fact that percent survival 
is a somewhat indirect measure of hardiness, it was considered to be a more 
sensitive indicator of the susceptibility of the cuttings to frost damage than the 
hardiness measures (ie. point at which 100 % mortality is observed) used in 
Figure 2. 
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Table 6. Percentage of balsam poplar cuttings in each damage category in Experiment 1.1. 
Cuttings from N. Wisconsin and Bearskin L. were exposed to five dehardening periods, 
under two dehardening temperature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
% flushed 
Day 0 5 C 
-3 C 
-11 C 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
1 5-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
15-5° 
25-15° 
100 
100 
96 
88 
96 
96 
63 
75 
100 
96 
83 
91 
92 
92 
83 
83 
88 
100 
63 
79 
1 7 
1 3 
13 
9 
8 
8 
13 
4 
1 3 
8 
1 3 
4 
1 3 
8 
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Table G. Percentage of balsam poplar cuttings in each damage category in Experiment 1.1. 
Cuttings from N. Wisconsin and Bearskin L were exposed to five dehardening periods, 
under two dehardening temperature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
7| 8 % flushed 
Day 1 5 C 
-3 C 
-11 C 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
1 5-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
15-5° 
25-15° 
1 5-5° 
25-15° 
15-5° 
25-15° 
96 
1 00 
83 
79 
96 
83 
75 
88 
92 
83 
70 
79 
100 
88 
79 
63 
83 
95 
71 
63 
4 
4 
13 
4 
4 
25 
29 
1 7 
13 
4 
8 
4 
8 
1 3 
1 3 
4 
8 
8 
4 
1 3 
4 
8 
1 7 
4 
8 
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Table 6, Percentage of balsam poplar cuttings in each damage category in Experiment 1.1. 
Cuttings from N. Wisconsin and Bearskin L. were exposed to five dehardening periods, 
under two dehardening temperature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
% flushed 
Day 4 5 C 
-3 C 
-11 C 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
1 5-5° 
25-15' 
15-5° 
25-15' 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
96 
96 
71 
92 
100 
96 
83 
71 
88 
100 
70 
83 
100 
88 
63 
67 
88 
88 
67 
58 
4 
4 
1 7 
4 
1 3 
29 
1 3 
8 
8 
8 
1 7 
4 
4 
4 
4 
1 3 
4 
1 3 
4 
1 3 
1 7 
4 
4 
8 
1 3 
8 
1 7 
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Table 6. Percentage of balsam poplar cuttings in each damage category in Experiment 1.1. 
Cuttings from N. Wisconsin and Bearskin L. were exposed to five dehardening periods, 
under two dehardening temperature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
% flushed 
Day 9 5 C 
-3 C 
-11 C 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
1 5-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
96 
92 
67 
71 
92 
92 
83 
63 
50 
63 
79 
58 
54 
42 
79 
21 
42 
50 
1 3 
8 
58 25 
79 
4 
1 3 
21 
8 
1 3 
4 
25 
1 7 
8 
4 
21 
8 
4 
4 
21 
13 
4 
4 
1 7 
4 
4 
8 
1 7 
1 3 
4 
4 
1 7 
1 7 
1 3 
1 3 
1 7 
29 
21 
25 
1 3 
38 
21 
21 
4 
4 
17 17 
30 
Table 6. Percentage of balsam poplar cuttings in each damage category in Experiment 1.1. 
Cuttings from N. Wisconsin and Bearskin L. were exposed to five dehardening periods, 
under two dehardening temf>erature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
5| % flushed 
Day 14 5 C 
-3 C 
-11 C 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
15-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
1 5-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
15-5° 
25-15° 
79 
92 
42 
75 
67 
79 
42 
50 
75 
67 
52 
42 
50 
37 
63 
63 
38 
42 
46 
59 
4 
4 
4 
29 
8 
1 3 
9 
4 
1 3 
4 
21 
8 
1 3 
21 
8 
4 
4 
4 
4 
8 
4 
8 
4 
1 7 1 2 
8 
4 
1 7 
4 
29 
1 3 
21 
1 3 
21 
4 
8 
1 7 
26 
21 
21 
1 7 
8 
25 
21 
1 7 
21 
1 7 
8 
4 
21 
9 
4 
8 
17 13 
4 
4 
21 
4 
1 3 
8 
8 
4 
4 
25 
0 
4 
4 
46 
0 
4 
1 2 
46 
4 
8 
1 2 
1 2 
0 
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Figure 2. Mean hardiness levels and mean percent bud break (at the time of 
freezing) of balsam poplar cuttings by source in Experiment 1.1. Cuttings were 
subjected to five dehardening periods at two dehardening temperatures. The 
hardiness level was the lowest temperature to which cuttings could be 
subjected without causing 100 percent mortality to all cuttings in a treatment 
combination. Mean hardiness levels were calculated for both (a) leaf, and (b) 
stem tissue, on the basis of the twelve clones within each source. 
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Figure 3. Clonal differences in the percent bud break (at the time of freezing) of 
balsam poplar cuttings after a dehardening period of 14 days, under two 
dehardening temperature regimes (15-5°C and 25-15°C). All cuttings were 
dormant after 0, 1,4, and 9 days of dehardening. Percent bud break is based 
on the 8 cuttings per clone subjected to the four freezing temperatures used in 
the freezing test iri Experiment 1.1. 
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Upon examination of the survival trends presented in Figure 2, one might 
conclude that there is no significant decrease in the hardiness of the cuttings to 
-27°C, while they are still dormant. However, the data in Table 6 indicates that 
making this assumption would be an oversimplification of the dehardening 
process. A large number of cuttings exhibited slight to moderate leaf necrosis {ie. 
damage scores 1 and 2) throughout Experiment 1.1, suggesting that some freezing 
injury does occur before bud break, even though it does not result in mortality to the 
cutting. After each incubation period, the percentage of cuttings in damage 
categories 1 and 2 increases as the freezing temperature decreases. The data 
presented in Table 6 also suggests that the rooting characteristics of apparently 
dormant cuttings are negatively affected by decreasing freezing temperatures. 
There is a tendency for the number of cuttings in damage category 6 (healthy 
cuttings with no root development) to increase as the freezing temperature 
decreases within a given incubation period, suggesting that roots and root 
primordia are the most susceptible tissue to freezing injury. This trend becomes 
highly visible after 9 days of incubation. Furthermore, the data suggest that the 
cuttings are able to maintain considerable hardiness during the initial stages of leaf 
expansion. After 14 days of incubation, percent bud break had a weak negative 
correlation with the percent survival of leaf tissue (r = -0.56) and the percent 
survival of stem tissue (r = -0.45). 
Due to the lack of variability in the hardiness of the cuttings evident in Figures 
4 and 5, an ANOVA was not conducted for Experiment 1.1. However, several 
trends are apparent in the data. Hardiness appears to be lost more rapidly with 
higher dehardening temperatures (25-15°C as opposed to 15-5°C), although the 
results of this trial are somewhat inconclusive. Differences in bud break 
characteristics and percent survival of leaf tissue can be perceived between 
geographic sources, especially in percent bud break after 14 days incubation 
(Figure 3). Clonal differences in dormancy release and survival were small, and 
tended to be more pronounced in the Wisconsin population. 
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Figure 4. Clonal differences in the percent survival of leaf tissue from balsam 
poplar cuttings after 4, 9 and 14 days of dehardening in Experiment 1.1. 
Cuttings from N. Wisconsin and Bearskin L. were exposed to five dehardening 
periods, under two dehardening temperature regimes. Percent survival is 
based on 8 cuttings per clone subjected to the four freezing temperatures. 
Results from the first two dehardening periods were omitted, since no 
appreciable loss in hardiness (ie. 100% survival to -27°C) was observed prior 
to 4 days of dehardening. 
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Figure 5. Clonal differences in the percent survival of stem tissue from balsam 
poplar cuttings after 4/9 and 14 days of dehardening in Experiment 1.1. 
Cuttings from N.Wisconsin and Bearskin L. were exposed to five dehardening 
periods, under two dehardening temperature regimes. Percent survival is 
based on 8 cuttings per clone subjected to the four freezing temperatures. 
Results from the first two dehardening periods were omitted, since no 
appreciable loss in hardiness (ie. 100% survival to -27®C) was observed prior 
to 4 days of dehardening. 
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A slight leaf spot outbreak occurred during the greenhouse viability test in 
both trials of this experiment, but the spread of this fungus was effectively controlled 
with the application of benomyl (100 p.p.m). Necrosis associated with the fungus 
was thought to have a small, but insignificant confounding effect with the survival of 
the cuttings after freezing. Less than 0.6 percent of the controls were completely 
dead by the end of the viability test. 
Experiment 1.2 
In the second trial of Experiment 1, leaf tissue became susceptible to frost 
injury after five days of incubation, while stem tissue did not exhibit an appreciable 
loss before the eighth day of incubation (Table 7). As was the case in Experiment 
1.1, non-lethal freezing damage was observed in dormant stem cuttings. Once 
again, there was a tendency for the number of cuttings in damage categories 1,2, 
and 6 to increase as the freezing temperature decreased within a given incubation 
period. This tends to suggest that some dehardening is occuring prior to bud break. 
In Experiment 1.2, this trend was apparent after an incubation period of 2 days. 
The data in Table 7 indicates that dehardening proceeded more rapidly at the 
higher dehardening temperature regime. After exposure to -11 °C, 71 percent of 
the cuttings were found in damage category 8 (all tissue dead) when dehardened 
for 11 days at 25-15°C; there were no cuttings in category 8 after parallel treatment 
at 15-5°C. As shown in Figure 6, hardiness also appears to decrease much more 
rapidly in leaf meristems than it does in the cambium. Leaf meristems were hardy 
to -27° C while still in a state of dormancy; this condition was exhibited by the 
cuttings incubated for the shortest incubation periods (0 and 2 days). Hardiness 
levels decreased with further incubation, and by the 11th day, Wisconsin clones 
dehardened at 25-15°C had an average hardiness of -5°C (Appendix IX, Table 25). 
Bearskin Lake clones (which tended to break bud later than the southern clones) 
were still hardy to -11°C under the same dehardening regime. 
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Table 7. Percentage of balsam poplar cuttings in each category in Experiment 1.2. 
Cuttings from N. Wisconsin and Bearskin L. were exposed to five dehardening periods, 
under two dehardening temperature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
IL % flushed 
Day 0 5 C 
-3 C 
-11 C 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 00 
96 
83 
83 
1 00 
88 
83 
83 
96 
96 
79 
71 
96 
96 
58 
71 
92 
88 
54 
71 
9 
9 
4 
9 
1 3 
9 
4 
4 
4 
4 
4 
8 
4 
4 
9 
4 
1 3 
13 
5 
4 
8 
4 
21 
4 
4 
4 
21 
8 
4 
4 
4 4 
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Table 7. Percentage of balsam poplar cuttings in each category in Experiment 1.2. 
Cuttings from N. Wisconsin and Bearskin L. were exposed to five dehardening periods, 
under two dehardening temperature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
A % flushed 
Day 2 5 C 
-3 C 
-11 C 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
1 5-5° 
25-15? 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-1 5° 
1 5-5° 
25-1 5° 
1 5-5° 
25-15' 
1 5-5° 
25-15' 
1 5-5° 
25-15° 
1 5-5° 
25-1 5° 
88 
1 00 
79 
88 
83 
1 00 
63 
83 
88 
92 
58 
88 
71 
83 
83 
56 
83 
67 
61 
54 
9 
4 
8 
4 
4 
5 
9 
4 
1 7 
13 
8 
8 
4 
13 
4 
4 
1 7 
4 
1 7 
4 
1 7 
4 
5 
4 
8 
1 3 
4 
21 
1 7 
5 
26 
4 
1 2 
1 3 
1 7 
4 
4 
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Table 7. Percentage of balsam poplar cuttings in each category in Experiment 1.2. 
Cuttings from N. Wisconsin and Bearskin L. were exposed to five dehardening periods, 
under two dehardening temperature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
A % flushed 
Day 5 5 C 
-3 C 
-ir c 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
1 5-5° 
25-15° 
15-5° 
25-15° 
1 5-5° 
25-15° 
15-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
92 
88 
79 
75 
88 
54 
71 
50 
67 
30 
58 
46 
1 7 
9 
25 
1 6 
33 
1 3 
42 
21 
4 
4 
4 
4 
4 
9 
8 
1 7 
21 
4 
8 
4 
4 
9 
21 
4 
1 3 
4 
4 
4 
1 3 
4 
8 
8 
1 7 
4 
4 
4 
4 
4 
4 
13 
1 7 
8 
22 
13 
4 
8 
8 
25 
4 
30 
9 
41 
25 
49 
1 3 
25 
33 
30 
29 
25 
26 
8 
29 
21 
29 
30 
21 
12 
25 
4 
33 
33 
1 7 
63 
0 
0 
0 
33 
0 
0 
38 
50 
33 
46 
13 
8 
21 
54 
4 
21 
40 
Table 7. Percentage of balsam poplar cuttings in each category in Experiment 1.2. 
Cuttings from N. Wisconsin and Bearskin L. were exposed to five dehardening periods, 
under two dehardening temperature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
% flushed 
Day 8 5 C 
-3 C 
-11 C 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
\ 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15' 
15-5° 
25-15' 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
92 
83 
88 
75 
83 
27 
58 
38 
67 
4 
38 
8 
25 
9 
8 
4 
4 
4 
9 
1 3 
1 7 
4 
1 7 
13 
21 
4 
1 7 
4 
8 
1 7 
1 3 
25 
4 
4 
4 
4 
4 
1 7 
5 
4 
4 
9 
1 7 
4 
8 
4 
8 
9 
21 
1 3 
1 7 
1 7 
8 
1 3 
4 
13 
1 3 
68 
8 
28 
8 
8 
1 7 
4 
1 2 
4 
4 
4 
65 
42 
33 
33 
4 
50 
38 
4 
21 
46 
1 4 
4 
4 
46 
4 
8 
48 
96 
13 
38 
83 
96 
29 
67 
92 
96 
42 
71 
75 
96 
58 
75 
88 
1 00 
54 
75 
1 00 
100 
58 
92 
41 
Table 7. Percentage of balsam poplar cuttings in each category in Exp>eriment 1.2. 
Cuttings from N. Wisconsin and Bearskin L were exposed to five dehardening periods, 
under two dehardening temperature regimes. 
Incub. 
Period 
Freezer 
Temp. 
Source Incub. 
Temp. 
DAMAGE SCORE 
IT % flushed 
Day 11 5 C 
-3 C 
-11 C 
-19 C 
-27 C 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
Wise. 
Bear. 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
1 5-5° 
25-15° 
88 
1 00 
79 
79 
71 
29 
58 
29 
29 
4 
29 
1 7 
1 3 
8 
4 
1 3 
4 
13 
8 
25 
21 
1 7 
4 
4 
4 
4 
4 
1 3 
13 
21 
4 
4 
4 
4 
4 
8 
4 
1 7 
4 
1 3 
13 
4 
4 
1 2 
1 3 
8 
1 7 
21 
8 
29 
22 
4 
21 
1 6 
34 
4 
4 
8 
21 
33 
62 
21 
33 
54 
21 
4 
50 
21 
71 
8 
75 
3 
21 
76 
92 
1 7 
75 
1 00 
1 00 
63 
83 
100 
100 
83 
92 
92 
100 
58 
75 
100 
100 
92 
96 
100 
1 00 
9 2 
92 
42 
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Figure 6. Mean hardiness levels and mean percent bud break (at the time of 
freezing) of balsam poplar cuttings by source in Experiment 1.2. Cuttings were 
subjected to five dehardening periods, under two dehardening temperatures. 
The hardiness level was the lowest temperature to which cuttings could be 
subjected without causing 100 percent mortality to all cuttings in a treatment 
combination. Mean hardiness levels were calculated for both (a) leaf, and (b) 
stem tissue, on the basis of the twelve clones within each source. 
43 
Clones from the Wisconsin source invariably showed more susceptibility to 
frost injury than clones from Bearskin Lake. After 11 days at 25-15°C, the mean 
survival rate in leaf tissue from southern clones was 27.0 percent, as opposed to 
40.6 percent in northern clones (Appendix IV, Table 18). Although percent survival 
cannot be directly related to an actual level of hardiness (with the exception of 100 
percent which corresponds to -27°C), 25 percent survival generally corresponds to 
a hardiness level of -3°C. Data in Table 7 clearly illustrates that frost injury only 
begins to occur at temperatures below -3°C, even when the cuttings are actively 
growing. 
Clonal differences in percent bud break at the time of freezing are illustrated 
in Figure 7. Clones from N. Wisconsin showed a large amount of variation in 
percent bud break (0 to 100 percent at 25-15°C) after five days of incubation, while 
Bearskin L. clones were just beginning to break bud (0 to 25 percent bud break) 
after the same dehardening treatment. Percent bud break gradually increased with 
further incubation: after 11 days almost all of the Wisconsin clones had flushed, 
while percent bud break in northern clones was still quite variable (12.5 to 100 
percent). Large geographic source differences in the hardiness of leaf and stem 
tissue are also evident in Figures 8 and 9 after an incubation period of five days. 
Clonal differences are most evident in the hardiness of leaf tissue after 5 and 8 
days of dehardening. In stem tissue, clonal variation is only apparent during the 
last two dehardening periods (8 and 11 days). 
An analysis of variance was conducted for the percent survival after freezing 
in both leaf and stem tissue, as well as the percent bud break at the time of freezing 
t 
(Appendix II). Each analysis was based on the response data from the final three 
dehardening periods (5, 8, and 11 days). The first two dehardening periods were 
excluded from these analyses, since there was little or no variation associated with 
these treatments. Tests for the assumptions underlying each ANOVA are found in 
Appendix VII. On the basis of Cochran's C statistic (Table 22), the assumption of 
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Figure 7. Clonal differences in the percent bud break (at the time of freezing) of 
balsam poplar cuttings after various dehardening periods (0, 2, 5, 8, and 11 
days), under two dehardening temperature regimes (15-5°C and 25-15°C) 
in Experiment 1.2. Percent bud break is based on the 8 cuttings per clone 
subjected to the four temperatures (-3, -11,-19, and -27 C) used in the 
freezing test. 
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Figure 8. Clonal differences in the percent survival of leaf tissue (at the time of 
freezing) of balsam poplar cuttings after various dehardening periods (0, 2, 5, 
8, andl 1 days), under two dehardening temperature regimes (15-5°C and 
25-15°C) in Experiment 1.2. Percent survival is based on 8 cuttings per clone 
subjected to the four temperatures (-3, -11 ,-19, and -27 C) used in the freezing 
test. 
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Fiqure 9. Clonal differences in the percent survival of stem tissue (at ^he time of 
freezing) of balsam poplar cuttings after various dehardening 2. 5. 
8 and11 days), under two dehardening temperature regimes (15-5 C and 
25-15°C) in Experiment 1.2. Percent survival is based on 8 cuttings per clone 
subjected to the four temperatures (-3, -11 ,-19. and -27 C) used in the freezing 
test. 
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homogeneity of variance was not violated in any of the ANOVA's used in this study. 
The normal probability plots (Figure 11, AppendixVIl) indicate that departures from 
normality do exist in the data set, and that these deviations are mainly due to an 
excessive number of values far from the mean (ie. there were many cases where 
either all or none of the cuttings survived). However, F-tests are generally robust to 
non-normality, and Box and Anderson (1955) have shown that for the values of 
skewness and kurtosis (Table 22) observed in this experiment, the effects of these 
departures from normality can be ignored. A summary of F values and associated 
levels of significance from the three ANOVA's in Experiment 1.2, is found in Table 
8. 
The ANOVA for the percent survival of leaf tissue (Appendix II, Table 12) 
indicates a highly significant difference (P < 0.001) between geographic sources in 
this trial. Although the analysis of variance failed to detect any clonal differences in 
the hardiness of leaf tissue, there were several clones within each population that 
exhibited superior levels of hardiness (i.e. Wisconsin 235, Bearskin 321). Due to 
the first restriction error associated with this experimental design, a valid F-test 
cannot be conducted for the incubation temperature. There is little doubt, however, 
that the dehardening temperature would be a significant source of variation. 
Incubation period [Pj] was analyzed according to the conventions of more 
traditional split-plot designs (i.e. with the incubation temperature/ incubation period 
interaction [TPy] as the whole plot error term), and was found to be a significant 
source of variation. 
The analysis of variance for the hardiness of stem tissue (Appendix II, Table 
13) yielded slightly different results. Once again geographic sources were highly 
significant sources of variation (P < 0.001); but unlike the previous analysis for the 
hardiness of leaf tissue, clones within source were also a major source of variation 
(P = 0.006). In further contrast to the ANOVA for leaf hardiness, the dehardening 
period was not a significant source of variation in the hardiness of stem tissue. 
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Table 8. Summary of F values and their associated levels of significance for leaf 
hardiness, stem hardiness, and percent bud break at the time of freezing in 
Experiment 1.2 (Source: Appendix ll). 
Source df 
leaf 
hardiness 
F Value for 
stem 
hardiness 
percent 
bud break 
Incubation Temp, [Tj] 
5[i], 1st restriction error 
1 
0 
no test no test no test 
Incubation Period, [Pj] 
Temp. X Period, [TPij] 
2nd restriction error 
2 
2 
0 
22.0 * 
no test 
7.4 
no test 
58.0 * 
no test 
Source [S|J 
Temp. X Source [TSjfJ 
Period X Source [PSjjJ 
Clone/Source j] 
Temp. X Clone/S [TCi[k]i] 
Period X Clone/S [PCj^kji] 
Error and/or TPC, TPS 
1 
1 
2 
22 
22 
44 
46 
80.9 ** 
2.0 
0.1 
0.9 
1.4 
0.8 
30.8 “ 
6.5 * 
8.2 ** 
2.4 *' 
1.2 
1.2 
121.4** 
3.6 
0.2 
1.7 
1.0 
1.3 
Total 143 
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Source interactions with incubation temperature (TSj|<) and incubation period 
(PSjk) were also found to be significant variance components in this analysis. 
To a greater extent than in Experiment 1.1, freezing injury was correlated with 
bud break (r = -0.82 for leaf tissue; and r = -0.71 for stem tissue). During the first 
two incubation periods, when the cuttings were still dormant or just beginning leaf 
expansion, survival rates averaged 97 percent for leaf tissue, and.99.5 percent for 
stem tissue (Appendix IV, Table 18). 
Source differences in bud break characteristics (Appendix II, Table 14) were 
found to be highly significant. Differences associated with clones within each 
population were of lesser importance (P = 0.072). 
The raw data for Experiment 1 can be found in Appendix V. 
Experiment 2 
During the course of this experiment, a number of the cuttings developed roots 
from preformed primordia in the stem prior to the freezing test. These root 
meristems were formed during the initial stages of bud burst and shoot elongation. 
The presence of roots was noted at the time of the freezing test, along with the 
developmental stage of the cuttings (see Table 4 for a description of the 
development stages). A summary of the percent survival of stem tissue with root 
meristems at various stages of shoot elongation is given by freezing temperature in 
Table 9. A formal analysis was not conducted on these data for several reasons; 
missing treatment combinations and unequal sample sizes would have made 
meaningful conclusions difficult, and there was no way of establishing a cause and 
effect relationship between the presence of roots and the subsequent survival of 
stem tissue on the basis of this experiment. In this regard, changes in hardiness 
might be attributed to other physiological changes concurrent with root initiation. 
However, the results indicate that even after root elongation has begun, cuttings 
can be subjected to -19°C without having the ability to develop new rooots 
impaired even though the existing roots are killed by temperatures below -3°C. 
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Table 9. Summary of the percent survival of stem tissue with growing roots at the 
seven developmental stages used in Experiment 2. The number of cuttings 
(n) on which percent survival values were based is also included in the table. 
Freezing temperature 
Developmental stage of rooted cuttings^ 
1 2 3 4 5 6 7 
+ 5 % survival: 
n = 
100 
2 
100 
3 
100 
1 
100 
6 
100 
5 
100 
14 
100 
4 
% survival: 
n = 
100 
1 
100 
1 
100 
1 
50 
2 
100 
14 
100 
6 
100 
8 
-11 % survival: 
n = 
100 
2 
100 
1 
100 
1 
60 
5 
30 
10 
12 
8 0 
-19 % survival: 
n = 0 0 
0 
1 
0 
3 
27 
11 
0 
2 0 
-27 % survival: 
n = 
0 
1 0 
0 
1 
0 
2 
0 
5 
0 
9 
0 
4 
^Description of developmental stages is given in Table 4. 
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The results of Experiment 2 indicate that an attenuated form of frost hardiness 
is active long after the cuttings have been released from dormancy. Balsam poplar 
cuttings are able to maintain considerable levels of hardiness even after bud break 
and the initial stages of leaf expansion. In Figure 10, the 50% killing point (Tkso) is 
shown as the indicator of the hardiness of the cuttings. On the basis of the ultimate 
frost-killing point, each of the four provenances used in this study were able to 
withstand freezing to -24°C at the second developmental stage (leaves visible, 
extended less than 2 mm; base concealed by bud scale). Hardiness levels drop 
rapidly after this point, although considerable levels of hardiness (-9 to -12°C, 
depending on source) were maintained to the fifth developmental stage (new shoot 
becomes visible, leaves begin to develop a perpendicular habit). Observations 
made during this experiment suggest that balsam poplar cuttings can withstand 
short term exposure to temperatures between -3 and -6° C, during the initial stages 
of leaf expansion. During the freezing test, exotherms were consistently observed 
at approximately -4° C, suggesting that cuttings may avoid injury above this 
temperature by supercooling (ie. they avoid freezing). 
Source differences in the percent survival of leaf tissue after freezing (Table 
10) were jointly evaluated over all seven developmental stages used in Experiment 
2, with a Friedman two-way analysis by ranks (see Appendix VI, Table 21). No 
significant- geographic source differences were noted in the hardiness of leaf 
tissue (P = 0.122). Large geographic source differences were obseved at 
developmental stage seven (new shoot visible; leaves almost perpendicular to the 
shoot), at which the Bearskin Lake source exhibited superior hardiness levels over 
the other geographic sources. This trend was not consistent in all of the 
developmental stages. Source differences were not statistically evaluated at 
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Thunder Bay Pickle L. 
developmental stage 
Bearskin L. N. Wisconsin 
Figure 10. The 50% killing point (Tk50) for the stem and leaf tissue of balsam 
poplar cuttings from four geographic sources, at various stages of shoot 
development. The Tk5o was the temperature required to kill 50% of the 
cuttings subjected to the six freezing temperatures {-3,-6,-9,-12,-18, and -24 C) 
used in the freezing test in Experiment 2. 
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Table 10. Percent survival of leaf and stem tissue in balsam poplar cuttings in 
Experiment 2. Survival is given by developmental stage for each of the four 
geographic sources used in the experiment. Percent survival is based on the 
30 cuttings per source subjected to the freezing test. 
Source Frost Hardiness by Developmental Staged 
2 3 4 5 6 7 
1. Bearskin L. 
- leaf 
- stem 
83 
96 
90 
100 
86 
93 
77 
93 
57 
77 
43 
50 
46 
50 
2. Pickle L. 
- leaf 
- stem 
86 
100 
66 
100 
66 
100 
70 
90 
50 
73 
50 
66 
23 
37 
3. Thunder Bay 
- leaf 
- stem 
96 
100 
86 
96 
77 
86 
80 
100 
40 
63 
43 
73 
26 
40 
4. N. Wisconsin 
- leaf 
- stem 
83 
93 
80 
90 
80 
86 
70 
80 
50 
67 
40 
50 
20 
37 
A Developmental stages are listed in Table 4. 
individual developmental stages, due to design limitations perceived in 
Experiment 2. The percent survival values listed in Table 10 could not be analysed 
using a conventional analysis of variance since there was only a single response 
for each treatment combination . The nonparametric Sign test was considered for 
evaluating source comparisons at individual developmental stages, using the 
damage scores presented in Table 23 (Appendix VII). However, since the power of 
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this test depends on the number of paired observations in the data set, and the 
number of paired observations did not remain constant from source comparison to 
source comparison, the use of the Sign test was rejected. Furthermore, a low 
number of paired observations (ranging from 7 to 16) were observed in most 
source comparisons. Steele and Torrie (1980) suggest that the Sign test is most 
sensitive with 20 or more pairs of observations, and that it is impossible to detect a 
departure from the null hypothesis (ie. no source differences) with fewer than six 
pairs of observations. 
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DISCUSSION 
The two experiments conducted in this study will be discussed on an individual 
basis. The first experiment was broken down into two separate trials (Experiments 
1.1 and 1.2). 
EXPERIMENT 1.1 
Experiment 1.1 was initiated to evaluate potential changes in the cold 
hardiness of balsam poplar cuttings prior to and immediately following the initiation 
of leaf expansion. The results of this trial indicated that cuttings were able to 
maintain hardiness to at least -27°C when in a dormant state. In other words, 
changes in hardiness levels were always associated with bud break. The vast 
majority of temperate conifer species examined to date have exhibited rapid 
dehardening in the spring, and most have shown substantial losses of hardiness 
prior to bud break. The first trial of this experiment was designed to place the 
greatest emphasis on hardiness changes prior to bud break, however, since the 
cuttings were uniformly hardy to -27°C during this period, little variation was 
observed in hardiness levels. As a result, it was virtually impossible to draw 
meaningful conclusions on the factors included in the original experimental design 
(i.e. dehardening temperature, source and clonal difference in hardiness). 
EXPERIMENT 1.2 
In Experiment 1.2, greater emphasis was placed on the dehardening trends during 
bud burst and new-shoot elongation. As with the first trial, the cuttings were hardy to 
-27°C when dormant. After the cuttings began to emerge from dormancy, several 
trends became apparent. Dehardening proceeded much more rapidly at higher 
temperatures. The percent survival of cuttings dehardened at 25-15°C was 
generally 20 to 40 percent lower than that of cuttings dehardened at 15-5°C. 
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Leaf tissue was more susceptible to frost injury than stem tissue, which 
suggests that the dehardening process is initiated in leaf tissue in advance of stem 
tissue. Timmis and Worrall (1974), have suggested that translocatable factors from 
the expanding shoot are involved in the stimulation of cambial division and the loss 
of short-day induced hardiness in the previous year's foliage of Douglas-fir 
seedlings. Wareing (1951) has indicated that the cambia of diffuse porous trees 
may require the presence of buds for renewed growth. Although there is no 
evidence in this experiment of a translocatable dehardening factor at work in 
balsam poplar during the spring, such a hypothesis might be useful in explaining 
the differential hardiness observed between leaf and stem tissue. On the other 
hand, the possibility that the dehardening process is independently regulated in 
both stem and leaf tissue has to be considered. In Experiment 1.2, significant clonal 
variation was noted in the hardiness of stem tissue, but not in the hardiness of leaf 
tissue. This phenomenon was thought to be related to the nature and rapidity of the 
dehardening process in each of these tissues. Not only is hardiness lost earlier in 
leaf tissue, it also appears to be lost more rapidly (see Figure 6). As a result, 
variable injury among clones to leaf tissue was only observed for a fairly short time 
period. For example, the greatest variability in the percent survival of leaf tissue 
was observed in the Wisconsin population after the eight-day dehardening 
treatment; by the eleventh day clones dehardened at 25-15°C uniformly exhibited 
25 percent survival (clone 235 was the exception). In this regard, the low level of 
clonal variation in leaf hardiness (Table 8) reflects both the rapid dehardening rate 
observed in leaf tissue, and the small number of hardiness evaluations during the 
period of highest clonal variation in leaf hardiness within each population. This 
design limitation was unavoidable since there was a restriction in the amount of 
clonal material available in the nursery. 
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An interaction between dehardening temperature and geographic source 
(TSjj) was noted in the analysis of variance for stem hardiness. This interaction was 
related to the ability of clones from the Bearskin source to maintain considerable 
hardiness levels throughout the experiment, at both dehardening temperature 
regimes. Clones from Wisconsin exhibited a considerable loss of hardiness after 11 
days at 25-15°C. This interaction is merely a reflection of differential timing in the 
loss of hardiness between the two sources. 
The pattern of genetic variation in cold hardiness corresponds closely to that of 
the climate of northern Ontario in the spring (see Table 2). Northern clones were 
less susceptible to frost injury than southern clones throughout the spring 
dehardening period, and this phenomenon was closely related to the tendency of 
northern clones to remain in a state of imposed dormancy longer than their southern 
counterparts, ie., the two populations appeared to respond differently to degree 
days during the dehardening period. Selection against early flushing genotypes 
seems apparent in the Bearskin Lake source, and this may be related to a longer 
period of environmental uncertainty during the spring. The assessment of 
population differentiation in this study was based on two adaptive traits; frost 
hardiness and bud break characteristics. Since loss of hardiness was coincident 
with bud flush, the two traits tended to be correlated. Rehfeldt (1984) points out that 
when population differentiation in conifers has been detected for a single adaptive 
trait, correlated patterns have been observed for other functionally related or linked 
traits. 
Considering the unpredictable nature of the weather during the spring 
dehardening period, one might expect the clones within each population to exhibit 
fairly uneven dehardening characteristics. This trend was observed in this 
experiment; high within-population variance in hardiness level of stem tissue was 
observed in the two sources. Early flushing (Wisconsin 239, Bearskin 302) and late 
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flushing genotypes (Wisconsin 220, Bearskin 321) were dearly found in both 
populations. Natural selection appears to be operating on both distant and local 
populations of balsam poplar. Although there is no direct evidence from this study, 
the clonal variation within local populations has been explained in terms of 
microsite heterogeneity that permits co-existence of clones through diversifying 
selection (Elistrand and Roose, 1987). For example, trees may be more susceptible 
to frost damage in low-lying areas (i.e. frost pockets) than on upland sites. Local 
adaptive variation due to topography and air currents has been demonstrated in 
Sitka spruce fPicea sitchensis (Bona.l Carr.) by Burley (1966). However, before 
selection can be implicated on a local level with balsam poplar, the exact nature of 
any local adaptions remain to be established. 
Farmer and Reinholt (1986), who examined dormancy relations in balsam 
poplar cuttings from the same provenances used in this study, observed a tendency 
for northern clones to break bud earlier than southern clones, although differences 
in timing were not statistically significant. The tendency for northern clones to break 
bud earlier than southern clones was more pronounced in Experiment 1.2. Source 
differences in bud break characteristics were thought to be solely related to 
differences in the response to spring temperature in this study, since the chilling 
requirement for the cuttings was assumed to have been met by early January. 
However, in their forcing study, Farmer and Reinholt (1986) suggested that variation 
in bud break probably reflected genetic differences in both the degree to which the 
chilling requirement had been met, and the response to the forcing conditions. The 
authors hypothesized that the clinal geographic trend observed in their study might 
have been an artifact of difference in the time of growth cessation due to differential 
photoperiodic response. Therefore, while all plants were exposed to the same 
chilling period, they may have been in different stages of dormancy induction when 
the chilling began. The fact that cuttings collected in late winter (which became 
dormant and obtained their chilling requirement under natural conditions) exhibited 
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a different pattern of variation than earlier collections, tends to support this 
hypothesis. It would appear that the relationship between dormancy induction and 
spring dehardening patterns is a topic that merits further investigation. 
In both trials of Experiment 1, cuttings were presumed to be in a state of 
imposed dormancy when collected. Farmer and Reinholt (1986) have 
reported that balsam poplar exhibits unconditional autumn dormancy which is 
overcome by a relatively short chilling period. Usually this chilling requirement is 
overcome by January. However, bud break occurred more rapidly in cuttings 
collected in March, than those collected in February. This suggests that the buds 
may have been active in the period from February to March. Perry (1971) cites 
numerous examples of species in which metabolic activity occurs while the plants 
are supposedly dormant. It was not possible to discern any changes in hardiness 
levels between the two collection dates (February 13 and March 23) in Experiment 
1, since cuttings collected on both dates were hardy to a least -27°C. 
An interesting trend was noted in rooting characteristics of balsam poplar 
cuttings during the initial stages of new shoot expansion. As the freezing 
temperature to which the cuttings were exposed decreased, so did the rooting 
ability of cuttings which otherwise showed no visibile sign of damage (i.e. the 
number of cuttings in damage category 6 increased as the freezing temperature 
decreased). This trend may indicate that the preformed root primordia in the stem 
are more sensitive to frost injury than other tissues in the stem (i.e. cambium) during 
this period. However, other possible explanations exist. In a study with several 
Populus clones, Bloomberg (1963) determined that a cutting's moisture content was 
positively correlated with it's rooting ability. The critical nature of cutting moisture 
content to rooting ability and subsequent survival has also been demonstrated in 
poplar hardwood cuttings by Phipps et al. (1983). Considering that freeze-induced 
dehydration has long been known to increase with decreasing temperature (see 
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Levitt, 1980), and that moisture content has been strongly associated with rooting 
ability, the above trend may be explained in these terms. Decreased rooting ability 
from water stress might also have resulted from the environment of the growth 
chamber during the incubation treatments. A high percentage of cuttings in the 
control group (not subjected to freezing) fall into damage category 6 after 14 days of 
incubation (Table 6, page 32). For any propagation program, a damage score of 6 
(ie. no roots) means that the plant will not survive even though leaves and stem still 
have live tissue. 
Cuttings in this experiment were essentially hardy to -27°C when dormant. 
Therefore, one might expect near-perfect correlation between survival after freezing 
and percent bud break at the time of freezing. The fact that there was a weak 
correlation between these two variables in Experiment 1.1, and only a moderately 
high correlation in Experiment 1.2, is useful in emphasizing that balsam poplar 
cuttings were able to maintain considerable hardiness levels during bud flush and 
the initial stages of new-shoot expansion. These observations and other 
observations in the existing literature with boreal conifers (Glerum, 1976; Cannell 
and Sheppard, 1982) suggest that although the loss of dormancy and hardiness are 
initiated at the same time, the frost hardiness mechanism remains active well after 
dormancy release. 
EXPERIMENT 2 
Experiment 2 was designed to evaluate changes in the cold hardiness of balsam 
poplar cuttings during and immediately following bud flush and to relate levels of 
hardiness to the developmental stage. Furthermore, an attempt was made to 
evaluate provenance differences in the hardiness of cuttings at parallel 
developmental stages. The results of this experiment indicate that considerable 
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hardiness was maintained at the point of bud break; on the basis of the 50% killing 
point, cuttings from each of the four provenances were able to withstand freezing to 
-18°C without damage to the foliage, and -24°C without damage to the stem tissue 
(Figure 10, page 56). Once again, stem tissue appeared to deharden after leaf 
tissue, and a substantial loss of hardiness was not observed in stem tissue until the 
new shoot had extended 5 mm , and the bud began to form a vaselike structure (see 
Table 4). At this point, the foliage was still hardy to -9°C, and the stem tissue was 
hardy to approximately -15°C. When the newly expanding stem became visible, and 
the leaves were almost perpendicular to the shoot, the difference in hardiness 
between leaf tissue and stem tissue had been considerably reduced (-6°C for leaf 
tissue and -9°C for stem tissue). These experiment results indicate that frost injury 
rarely occurs at temperatures above -3°C. It should be noted that cuttings were held 
at the designated freezing temperatures for a one hour period. Greater damage 
might have resulted if the cuttings were held at each temperature for an extended 
period. Cuttings may have avoided injury above this temperature by deep 
supercooling, and this hypothesis is consistent with the fact that during the freezing 
test, exotherms (caused by the heat of fusion) were consistently observed at 
approximately -4°C. 
Under natural conditions, the developmental stages used in Experiment 2 
generally covers the period from May 2 to June 12 (depending on geographic 
source). Roe (1958) reports that in northern Michigan, the average date for 
flowering to begin is May 2 with full bloom reached on May 9; the average date for 
swelling of leaf buds is May 2, beginning leaf formation May 13, and fuli leaf June 
10. The same general trend was observed in the clonal nursery population the year 
of the study. However, the spring of 1987 was extremely mild, and some of the 
clones from Wisconsin flushed during the last week of April. It appears that balsam 
poplar has a fairly high general tolerance of freezing temperatures throughout this 
period. 
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The results of the Friedman two-way analysis by ranks indicates that 
differences in frost susceptibility amongst provenances were not significant when 
buds of similar developmental stage were compared. A similar test 
by Lester et al. (1977) with Abies balsamea (L.) Mill also failed to detect provenance 
differences in frost susceptibility when developmental stage was taken into 
consideration. There was undoubtedly a fair amount of "experimental noise" 
associated with the design used in Experiment 2. The main premise behind the 
experimental design was that cuttings from different sources were evaluated at 
parallel discrete developmental stages; however, shoot development actually 
proceeds along a continuum. Although it is extremely unlikely (since significant 
source differences have been previously unreported in the literature when buds of 
similar developmental stage were compared), it is possible that the non-parametric 
test used in this experiment was not powerful enough to detect source differences in 
hardiness. The analysis was calculated to be 79.6 percent as efficient as a 
conventional parametric F-test (Bradley, 1968). A total of five cuttings (ie. 
replications) from each treatment combination were subjected to the six freezing 
temperatures (-3, -6, -9, -12, -18, and -24°C) used in the freezing test. The design 
would have been much stronger, and might have allowed for reliable geographic 
source comparisons at each developmental stage, if the number of replications at 
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each freezing temperature was greatly increased. More replications would have 
been used, had they been available from the nursery population. 
The Friedman two-way analysis was not conducted with data on stem tissue 
damage since the developmental stages used in this study were based 
solely on the newly expanding shoots; therefore, the assumption that cuttings from 
each source were tested at parallel developmental stages could only be applied to 
leaf tissue. Nonetheless, the results of Experiment 2 suggest that frost injury to the 
buds and shoots of balsam poplar cuttings was essentially a function of the stage of 
shoot growth at the time of freezing. 
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FURTHER COMMENTS 
There was a limited amount of clonal material available for this study, which 
imposed some limitations on this study. One of the main weaknesses was that only 
two cuttings per clone were used at each of the four temperatures in the freezing 
test. This limitation resulted in the use of a somewhat indirect measure of 
hardiness. The percent survival of the eight cuttings per clone (two cuttings per 
clone at each of the four freezing) used in the freezing test was still thought to be a 
good indicator of the overall hardiness of a particular clone. Clonal differences 
might have been easier to elucidate if a wider range of temperatures had been 
used in the freezing test. 
Highly significant differences in hardiness levels and bud break characteristics 
were noted between the two populations studied in Experiment 1. Bearskin Lake 
clones were less susceptible to frost injury than N. Wisconsin clones through the 
dehardening period, and the differential hardiness was closely related to the 
tendency of northern clones to remain dormant longer than their southern 
counterparts. Selection against early flushing genotypes is possible in the Bearskin 
Lake source, and this appears to be related to a longer period of environmental 
uncertainty in the spring. The differential timing of developmental events between 
these two populations suggests adaptive differentiation associated with latitude. 
However, it is difficult to suggest an adaptive dine on the basis of only two 
populations. More populations would have been evaluated in Experiment 1, if the 
clonal material had been available. 
The results of Experiment 2 also indicate that frost injury to the buds and 
shoots of balsam poplar cuttings was a function of the stage of shoot growth (ie. 
phonological stage) at the time of freezing. Provenance differences in hardiness 
levels at parallel developmental stages seem unlikely, but some evidence of 
superior hardiness levels was observed in the Bearskin Lake source. 
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During the freezing test, the temperature in the chest-type freezer was 
decreased using the manual control on the freezer. Although the freezing curves 
obtained through this laborious procedure were quite similar, the lack of an 
automatic control for decreasing temperature wa§ likely a source of experimental 
error. There is a significant difference (up to 5 °C) between the top and bottom of the 
freezer. Cuttings were place on the same level on the bottom of the freezer, where 
the temperature remained relatively stable, even when the lid of the freezer was 
opened to remove cuttings. 
65 
CONCLUSIONS 
This study was initiated to examine the susceptibility of balsam poplar cuttings 
to freezing temperatures which might be encountered during the spring 
dehardening period. In addition, genetic variation in cold hardiness was examined 
within and between four widely separated populations of the species, in order to 
evaluate dehardening as a possible adaptive characteristic. The following 
conclusions were made: 
1. Generally, balsam poplar stem cuttings were subjected to -27° C 
without mortality when dormant. Some localized non-lethal freezing 
injury was observed in cuttings subjected to freezing prior to bud 
break, suggesting that some dehardening occurs immediately prior to 
bud flush. In Experiment 1.2, a good correlation was found between 
freezing injury and percent bud break (r= -0.82 for leaf tissue; and r= 
-0.71 for stem tissue). 
2. During bud flush and the initial stages of new-shoot expansion, 
cuttings were able to maintain substantial hardiness. This 
attenuated form of hardiness may be synonomous with a second 
stage of dehardening (with the first stage being the loss of deep mid- 
winter hardiness). At the point of bud break, cuttings from all four 
provenances were able to withstand freezing to -18° C without 
damage to the foliage, and -24° C without damage to the stem tissue. 
Even in more advanced stages of new-shoot development, cuttings 
survived freezing to -6° C without injury. 
3. Dehardening occurred much more rapidly under the 25-15° C 
temperature regime than under the 15-5° C temperature regime, 
because developmental processes related to shoot phenology 
proceededmore rapidly under the higher temperature regime. 
4. The dehardening process appears to be initiated in the meristematic 
regions of leaf tissue in advance of the cambium of stem tissue. In 
Experiment 1.2, leaf tissue became susceptible to frost injury after five days 
of incubation, while stem tissue did not exhibit an appreciable loss of 
hardiness before the eigth day of incubation. 
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5. Highly significant differences in hardiness levels and bud break 
characteristics were noted between the two populations studied in 
Experiment 1. Bearskin Lake clones were less susceptible to frost 
injury than N. Wisconsin clones through the dehardening period, and 
the differential hardiness was closely related to the tendency of 
northern clones to remain dormant longer than their southern 
counterparts. Selection against early flushing genotypes is possible in 
the Bearskin Lake source, and this could be related to a longer 
period of environmental uncertainty in the spring. The differential 
timing of developmental events between these two populations 
suggests adaptive differentiation associated with latitude. However, it 
is difficult to define an adaptive dine on the basis of only two 
populations. 
6. The results of Experiment 2 indicate that frost injury to the buds and 
shoots of balsam poplar cuttings was a function of the stage of shoot 
growth at the time of freezing. Provenance differences in hardiness 
levels at parallel developmental stages seem unlikely, although some 
evidence of the possibility exists. 
7. Relatively high within-population variance was also observed in hardiness 
levels and bud break characteristics. A number of early flushing (Wise. 239, 
Bear. 302) and late flushing (Wise. 220, Bear. 321) genotypes were 
observed in each population. 
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APPENDIX I 
TABLE 11. SUMMARY OF CLONES USED IN EXPERIMENT 1 
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Table 11. Clones used in Experiment 1.1 and 1.2. 
Experiment 1.1 Experiment 1.2 
N. Wisconsin Bearskin Lake N. Wisconsin Bearskin Lake 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
246 
245 
230 
253 
242 
240 
247 
235 
229 
241 
233 
239 
359 
326 
345 
342 
325 
356 
337 
320 
330 
355 
334 
333 
246 
247 
229 
238 
227 
220 
239 
204 
235 
282 
253 
228 
321 
345 
320 
302 
305 
308 
322 
312 
313 
317 
316 
342 
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APPENDIX II 
TABLE 12. ANOVA FOR PERCENT SURVIVAL IN LEAF TISSUE 
TABLE 13. ANOVA FOR PERCENT SURVIVAL IN STEM TISSUE 
TABLE 14. ANOVA FOR PERCENT BUD BREAK AT THE TIME OF FREEZING 
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Table 12. ANOVA table of percent survival in balsam poplar leaf tissue after 
exposure to the freezing test in Experiment 1.2. (Analysis is 
restricted to the final three dehardening treatments: 5, 8, and days). 
Source df SS MS Sig. of F 
Incubation Temp, [Tj] 1 
6fjj, 1st restriction error 0 
16610.9 16610.9 no test 
Incubation Period, [Pj] 
Temp. X Period, [TPjj] 
wjijj, 2nd restriction error 
2 
2 
0 
18820.4 
855.7 
9410.2 
427.8 
22.0 
no test 
0.047 
Source [Sf<] 
Temp. X Source [TSj|<] 
Period X Source [PSjfJ 
Clone/Source [C^kj |] 
Temp. X Clone/S [TCjjk]l] 
Period X Clone/S [PCj[k]|] 
Error and/or TPC, TPS 
1 
1 
2 
22 
22 
44 
46 
6314.9 
239.2 
17.3 
1716.8 
2639.0 
3155.0 
3880.4 
6314.9 
239.2 
8.6 
78.0 
120.0 
71.7 
84.4 
80.9 
2.0 
0.1 
0.9 
1.42 
0.8 
0.000 
0.157 
0.916 
0.566 
0.155 
0.705 
Total 143 
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Table 13. ANOVA table of percent survival in balsam poplar stem tissue 
after exposure to the freezing test in Experiment 1.2. (Analysis is restricted to the 
final three dehardening treatments: 5, 8, and 11 days.) 
Source df SS MS Sig. of F 
Incubation Temp, [Tj] 
6[i], 1st restriction error 
1 
0 
9707.2 9707.2 no test 
Incubation Period, [Pj] 
Temp. X Period, (TPy] 
wjijj, 2nd restriction error 
2 
2 
0 
14055.5 
1895.1 
7027.8 
947.5 
7.42 0.120 
no test 
Source [S(J 
Temp. X Source (TSj[J 
Period X Source [PSj[<J 
Clone/Source j] 
Temp. X Clone/S [TCj^k]]] 
Period X Clone/S [PCjfkji] 
Error and/or TPC, TPS 
1 
1 
2 
22 
22 
44 
46 
6072.3 
641.4 
1607.2 
4332.9 
2157.7 
4329.5 
3758.8 
6072.3 
641.4 
803.6 
196.9 
98.1 
98.4 
81.7 
30.83 
6.54 
8.17 
2.41 
1.20 
1.20 
0.000 
0.020 
0.007 
0.006 
0.294 
0.267 
Total 143 
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Table 14. ANOVA table of percent bud break (at the time of freezing) in 
balsam poplar cuttings in Experiment 1.2. 
Source df SS MS Sig. of F 
Incubation Temp, [Tj] 
d[j], 1st restriction error 
1 
0 
9908.5 9908.5 no test 
Incubation Period, [Pj] 
Temp. X Period, [TPy] 
wpjj, 2nd restriction error 
2 
2 
0 
61555.8 30827.9 58.0 
1063.7 531.8 no test 
0.020 
Source [S(J 
Temp. X Source [TSjk] 
Period X Source [PSjiJ 
Clone/Source [C^^j [] 
Temp. X Clone/S [TCjjk]|] 
Period X Clone/S [PCjji^]|] 
Error and/or TPC, TPS 
1 
1 
2 
22 
22 
44 
46 
36995.3 
673.0 
81.3 
6705.6 
4144.4 
10213.7 
8404.9 
36995.3 
673.0 
40.7 
304.8 
188.4 
232.1 
182.7 
121.37 
3.57 
0.17 
1.67 
1.03 
1.27 
0.000 
0.077 
0.831 
0.072 
0.450 
0.212 
Total 143 
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APPENDIX 111 
TABLE 15. PERCENT BUD BREAK AT THE TIME OF FREEZING BY CLONE IN EXPERIMENT 1.1 
TABLE 16. PERCENT BUD BREAK AT THE TIME OF FREEZING BY CLONE IN EXPERIMENT 1.2 
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Table 15 . Percent bud break at the time of freezing by clone in Experiment 1.1. Percent bud break is based 
on the 8 cuttings per clone subjected to the freezing test. 
Incub. 
Period 
Incub. 
Temp. 24G 245 
PERCENT BUD BREAK: WISCONSIN 
230 253 242 240 247 235 229 241 233 239 mean Sd 
1 4 
15-5°C 
25-15°C 
15-5°C 
25-15°C 
15-5°C 
25-15°C 
15-5°C 
25-15°C 
15-5°C 
25-15°C 
0 
0 
0 
0 
0 
0 
0 
0 
25 
25 
0 
0 
0 
0 
0 
0 
0 
0 
25 
75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
38 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
25 13 
50 25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 13 
13 50 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
9.40 
27.00 
PERCENT BUD BREAK; BEARSKIN LAKE 
359 326 345 342 325 356 337 320 330 355 334 353 
14 
15-5‘’C 
25-15“C 
15-5“C 
25-15”C 
15-5-C 
25-15“C 
15-5»C 
25-15"C 
15-5‘’C 
25-15‘’C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
6.30 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
10.80 
22.50 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
3.60 
1 0.00 
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Table 16 . Percent bud break at the time of freezing by clone in Experiment 1.2. Percent bud break is based 
on the 8 cuttings per clone subjected to the freezing test. 
Incub. 
Period 
Incub. 
Temp. 
PERCENT BUD BREAK: WISCONSIN 
246 247 229 238 227 220 239 204 235 282 253 228 mean Sd 
1 4 
14 
15-5°C 
25-15”C 
15-5°C 
25-15°C 
15-5°C 
25-15‘’C 
15-5°C 
25-15°C 
15-5®C 
25-15“C 
0 
0 
0 
0 
25 
63 
0 
0 
0 
0 
38 
75 
0 
0 
0 
0 
25 
63 
0 
0 
0 
0 
25 
75 
0 
0 
0 
0 
25 
38 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
50 38 
100 43 
1 3 0 
25 25 
0 
0 
0 
0 
0 
29 
0 
0 
0 
0 
0 
50 
88 63 86 100 75 75 100 63 50 63 63 100 
100 88 100 100 100 100 100 86 63 88 100 100 
100 88 100 100 100 100 100 100 88 100 88 88 
100 100 100 100 100 100 100 100 90 100 100 100 
0.00 
0.00 
0.00 
1.00 
11 .80 
48.80 
76.80 
93.70 
95.80 
99.20 
PERCENT BUD BREAK: BEARSKIN LAKE 
321 345 320 302 305 308 322 312 313 317 316 342 
15-5°C 
25-15°C 
15-5°C 
25-15°C 
IS-S^C 
25-15”C 
IS-S^C 
25-15°C 
15-5°C 
25-15“C 
0 
0 
0 
0 
0 
0 
0 
25 
13 
25 
0 
0 
0 
0 
0 
0 
13 
71 
0 
0 
0 
0 
0 
13 
50 
88 
0 
0 
0 
0 
1 3 
25 
88 
75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 3 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 0 50 13 38 13 
50 38 38 50 100 75 
0 
0 
0 
0 
0 
13 
13 
63 
0 
0 
0 
0 
0 
0 
0 
63 
38 88 100 50 25 50 68 88 25 25 50 
50 88 100 50 100 63 75 100 100 88 88 
0.00 
0.00 
0.00 
0.00 
1.00 
6.20 
1 1.50 
61.10 
51.00 
77.10 
0.00 
0.00 
0.00 
0.10 
17.20 
27.70 
1 7.50 
1 1 .40 
6.15 
2.90 
0.00 
0.00 
0.00 
0.00 
0.10 
8.40 
16.40 
22.1 0 
28.40 
24.90 
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TABLE 17. PERCENT SURVIVAL BY CLONE FOR EACH SOURCE IN EXPERIMENT 1.1. 
TABLE 18. PERCENT SURVIVAL BY CLONE FOR EACH SOURCE IN EXPERIMENT 1.2. 
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Table 17. Percent survival by clone for each source in Experiment 1.1. Percent survival is based 
on the 8 cuttings per clone subjected to the freezing test. 
Incub. 
Period 
Incub. 
Temp. 
PERCENT SURVIVAL; WISCONSIN 
246 245 230 253 242 240 247 235 229 241 233 239 mean Sd 
Leaf tissue: 
dayO 15-5“C 
25-15°C 
day 1 
day 4 
15-5“C 
25-15'’C 
15-5°C 
25-15°C 
day 9 15-5°C 
25-15“C 
day 14 15-5“C 
25-15°C 
Stem tissue: 
day 0 15-5°C 
25-15”C 
day 1 
day 4 
day 9 
IS-S'-C 
25-15”C 
15-5“C 
25-15“C 
15-5°C 
25-15°C 
100 100 100 100 100 100 100 88 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 71 100 100 
100 100 100 88 100 100 100 88 100 100 100 100 
100 88 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 75 100 100 100 100 100 100 100 
75 75 75 75 88 100 88 100 88 88 100 100 
88 75 88 63 88 88 88 88 100 100 88 100 
100 50 63 75 88 100 88 100 100 88 88 100 
day 14 15-5°C 
25-15“C 
100 100 100 100 100 100 100 88 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 88 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 75 88 88 88 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 50 100 88 100 100 100 100 100 100 100 100 
98.90 
1 00 
97.60 
97.90 
98.90 
1 00 
97.90 
98.50 
87.50 
86.50 
98.90 
1 00 
98.90 
1 00 
100 
1 00 
1 00 
94.80 
1 00 
94.80 
3.60 
0.00 
8.40 
4.90 
3.60 
0.00 
7.20 
11.30 
10.70 
16.40 
3.60 
0.00 
3.60 
0.00 
0.00 
0.00 
0.00 
8.40 
0.00 
1 4.60 
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Table 17. Percent survival by clone for each source in Experiment 1.1. Percent survival is based 
on the 8 cuttings per clone subjected to the freezing test. 
Incub. 
Period 
Incub. 
Temp. 
PERCENT SURVIVAL- BEARSKIN L CLONES 
359 326 345 342 325 356 337 320 330 355 334 333 mean Sd 
Leaf tissue: 
day 0 15-5“C 
25-15°C 
day 1 
day 4 
15-5°C 
25-15°C 
1 5-5°C 
25-15°C 
day 9 1 5-5°C 
25-15'’C 
day 14 15-5°C 
25-15‘’C 
Stem tissue: 
day 0 15-5°C 
25-15®C 
day 1 15-5'C 
25-15“C 
day 4 15-5“C 
25-1500 
100 88 88 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 88 88 88 100 88 
100 100 100 100 100 100 100 100 88 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 88 
100 100 100 100 100 100 100 100 100 100 100 88 
100 100 100 100 100 100 100 100 100 88 100 88 
75 100 100 100 100 100 100 100 100 100 100 100 
88 100 88 88 100 100 88 100 100 100 88 88 
100 100 100 88 88 88 88 75 100 88 100 75 
88 88 100 100 100 100 88 88 100 100 88 75 
day 9 15-5'>C 
25-15“C 
day 14 15-5”C 
25-15°C 
97.90 
95.80 
98.90 
98.90 
98.90 
97.90 
97.40 
93.80 
90.60 
92.70 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 TOO 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 88 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 88 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 88 100 100 100 100 100 100 100 100 
100 100 100 100 88 100 88 88 100 100 100 100 
100 TO'O 100 100 100 100 100 10(3 100 100 88 88 
100 
1 00 
4.90 
6.20 
3.60 
3.60 
3.60 
4^90 
7.20 
6.50 
9.40 
8.40 
0.00 
0, C 
100 / 0.00 
98.90 / 3.60 
1 OOi 
98.90 
1 00 
98.90 
0.00 
3.60 
0.00 
3.60 
5.60 
4.90 
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Table 18. Percent survival by clone for each source in Experiment 1.2. Percent survival is based 
on the 8 cuttings per clone subjected to the freezing test. 
Incub. 
Period 
Incub. 
Temp. 
PERCENT SURVIVAL WISCONSIN CLONES 
246 247 229 238 227 220 239 204 235 282 253 228 mean Sd 
Leaf tissue; 
day 0 15-5°C 
25-15‘“C 
day 2 15-5°C 
25-15°C 
day 5 15-5“C 
25-15°C 
day 8 15-5°C 
25-15°C 
day 11 15-5°C 
25-15”C 
Stem tissue: 
day 0 IS-S^C 
25-15”C 
day 2 15-5°C 
25-15'’C 
day 5 15-5“C 
25-15“C 
days 15-5°C 
25-15*>C 
day 11 15-5“C 
25-15'C 
100 100 88 100 100 100 100 100 100 88 100 100 
100 100 100 100 100 100 75 100 88 88 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 88 100 100 100 100 100 100 100 100 100 100 
75 
50 
63 
13 
38 
25 
75 
38 
75 88 100 88 100 63 63 100 100 88 100 
88 50 63 75 88 38 71 75 63 57 63 
75 57 63 75 63 50 63 88 75 75 50 
63 25 13 13 14 25 29 25 63 25 1 4 
38 38 38 63 50 38 50 50 63 50 63 
25 25 25 25 25 25 25 63 13 25 25 
100 100 88 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 75 88 75 100 100 100 100 88 100 75 100 
88 75 100 100 75 100 88 75 100 100 75 88 
75 63 75 50 38 50 50 75 75 75 50 57 
75 
•3B 
100 63 
38 25 
75 88 88 75 
25 63 38 38 
88 100 75 75 
88 38 25 25 
97.90 
95.80 
1 00 
98.90 
86.40 
64.80 
66.20 
26.60 
47.90 
27.00 
98.90 
1 00 
1 00 
1 00 
1 00 
91.70 
88.50 
61 .00 
81.20 
39.60 
4.90 
8.10 
0.00 
3.60 
1 4.60 
15.20 
1 1.39 
17.80 
10.40 
1 1.70 
3.60 
0.00 
0.00 
0.00 
0.00 
11.10 
1 1.30 
13.60 
1 1.30 
18.30 
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Table 18. Percent survival by clone for each source in Experiment 1.2. Percent survival is based 
on the 8 cuttings per clone subjected to the freezing test. 
Incub. 
Period 
Incub. 
Temp. 
PERCENT SURVIVAL; BEARSKIN L 
321 345 320 302 305 308 322 312 313 317 316 342 mean Sd 
Leaf tissue: 
day 0 
day 2 
15-5®C 
25-15“C 
15-5°C 
25-15°C 
100 100 100 100 75 100 100 100 88 100 100 88 
100 88 100 88 100 88 100 100 88 88 100 100 
100 75 88 100 88 100 88 100 88 100 88 100 
88 100 100 100 88 100 100 88 100 100 100 100 
days 15-5°C 
25-15°C 
days IS-S-C 
25-15°C 
day 11 15-5°C 
25-15“C 
Stem tissue: 
day 0 IS-S^C 
25-15‘'C 
day 2 15-5°C 
25-15°C 
days IS-S'-C 
25-15°C 
days IS-S^C 
day 11 15-5®C 
25-15'’C 
100 100 100 
100 100 75 
100 100 75 
63 38 25 
88 
63 
75 
50 
63 
38 
88 88 100 100 100 100 100 100 100 
75 88 63 100 88 63 63 63 88 
50 88 88 88 88 88 100 75 100 
38 63 50 63 38 38 38 25 38 
50 63 75 100 50 63 88 75 88 
25 63 50 38 38 25 25 38 38 
95.80 
94.80 
92.70 
96.90 
97.90 
80.20 
86.50 
42.70 
72.90 
40.60 
100 100 100 100 88 100 100 100 88 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 88 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100' 
100 100 100 88 100 88 100 100 100 100 100 100 
100 100 88 50 100 100 100 100 100 100 100 100 
100 75 88 50 100 88 100 100 88 75 75 100 
100 75 100 75 
1 00 7$ 75 25 
88 100 100 100 100 100 100 100 
88 75 75 88‘ 88 75 50 75 
97.90 
1 00 
98.90 
1 00 
100 
97.90 
94.80 
86.50 
94.80 
74.00 
8.10 
6.40 
8.40 
5.70 
4.90 
15.50 
14.50 
13.50 
15.80 
13.20 
4.90 
0.00 
3.60 
0.00 
0.00 
4.90 
14.60 
15.50 
9.90 
19.60 
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APPENDIX V 
TABLE 19. RAW DATA FOR EXPERIMENT 1.1 
TABLE 20. RAW DATA FOR EXPERIMENT 1.2 
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Key for Appendix V: Tables 19 end 20: 
Flush codes: - flush code I vas used to indicate the flushing status of cutting i. 
flush code II represent cutting 2. 
- a number Indicates that the cutting had flushed prior to freezing, 
and a letter/number combination vas used to indicate the month and 
day that the cutting flushed after the freezing test (F= February M= 
March. A= April). 
- the number used to indicate that tlie cutting had flushed prior to 
freezing, represented the developmental stage of the cutting at the 
time of freezing. The developmental codes used in these tables are 
similar to those found in Table i, page 21, vith the folio ving 
exceptions: 
Code in Table 4 Code in Appendix V 
- in Appendix V. a flush code of 7 vas used to indicate that the ne vly 
expending leaves "^are perpendicular to the stem; flush code 6 
represented the developmental stege in vhich the leaves vere not 
quite perpendicular to the stem (ie. approximately 80® to the stem). 
- vhen an'R' preceded the flush code, the cutting had roots at the 
time of freezing 
- Rep I and Rep II do not represent tvo different replications; they 
represent cuttings I and II. respectively. 
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•1 1 
• I 9 
•27 
5 
• 3 
•1 I 
•19 
•27 
5 
• 3 
■I 1 
-1 g 
•27 
5 
• 3 
•1 I 
•19 
-27 
Flush 
coda I 
F24 
F28 
F28 
F26 
F27 
F28 
M2 
M5 
M4 
MS 
F28 
M2 
M3 
M2 
MI2 
MlO 
MIO 
MS 
M12 
MS 
M7 
M9 
MS 
M8 
OAAtAcescerg 
B«o. I B«o. II 
CO 
CJ 
TibU 1^. ftiw diU (or 1.1 
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I'lCoO. 
tim 4 
liAy 0 
dir * 
dly 4 
lACUb. ' 
1» mp. 
1 s.5‘ 
25.15 
15-5' 
25.15 
1 5-5' 
Ifimo 
s 
•3 
•M 
-19 
•27 
S 
-3 
•! 1 
• I 9 
•27 
S 
.3 
•1 1 
-19 
■27 
5 
•3 
-1 t 
•19 
•27 
5 
• 3 
• 1 1 
. 1 9 
•27 
fluiA 
Cbds I 
MS 
F27 
MS 
F27 
F27 
F26 
F29 
F27 
F2fi 
Ml 
F27 
F2fl 
F2fl 
M2 
MS 
F2S 
MS 
M< 
M3 
M3 
F?B 
Ml 
Ml 
MS 
M4 
n/MACC SCCHE 
Hop. I llcp. It 
f luih 
codo II 
F27 
F28 
F29 
F27 
F27 
F29 
F27 
F28 
M4 
Ml 
F28 
M? 
\A^ 
M4 
F25 
Ml 
M3 
M3 
MS 
F2S 
MO 
MS 
MS 
M6 
InttA. 
limt 
day 4 
day 9 
day 14 
Incuti. 
lQ>np, 
25-15 
IS.S* 
2S-IS 
15.S' 
2S-t 5 
riao]. 
(Orr>f) 
5 
• 3 
-M 
•19 
-27 
S 
• 3 
-M 
-1 9 
•27 
S 
-3 
-1 1 
-19 
-27 
5 
•3 
• 1 1 
-19 
■27 
S 
•3 
• 1 1 
• 1 9 
-27 
Thrift 
coda I 
F23 
F27 
MS 
M6 
M8 
M12 
M4 
M10 
MS 
F27 
MB 
M3 
MB 
MB 
MB 
M20 
M12 
M3 
Ml 2 
MB 
M9 
Ml 4 
Ml 2 
OAWCE SCO^E 
noff. I flop II 
Tibl» 19. flow di)a (Of .ipjfim.nl 1.1 
Sourca/Clona: OGARSKIN 025 
Incut). 
Uma 
day 0 
day 1 
djy 4 
IftCUb. 
tomo. 
IS.S' 
25.15 
1 S.S' 
25-tS 
IS.5' 
Froot. 
lomo 
5 
•3 
-1 1 
•19 
•27 
S 
•3 
• 1 1 
- 1 9 
•27 
5 
• 3 
• 1 r 
-1 9 
•2 7 
S 
• 3 
• I I 
•19 
•27 
5 
• 3 
. I I 
• 1 0 
•27 
riuih 
coda I 
F28 
F26 
F28 
F2S 
F22 
F26 
F25 
F2S 
MIO 
Ml 
F24 
F28 
F2B 
F28 
F28 
F2S 
F2fl 
Ml 
Ml 
F2? 
MO 
F2fl 
F2S 
F27 
DAMAGE SCCfiP 
nop. I fioo. It 
f Kisn 
coda (I 
F27 
M4 
M3 
F24 
F27 
F2B 
F26 
F24 
F25 
F27 
F24 
F2S 
F27 
F2C 
F20 
F24 
F24 
M2 
m 
F28 
F20 
F2S 
F2? 
F2fl 
Ml 
Incub. 
lima 
day 4 
day 9 
diy 14 
IftCub. 
lamp 
25-15 
IS-S' 
25-15 
IS.S' 
25.15' 
Fraai. 
lomn 
5 
• 3 
-11 
-19 
•27 
5 
•3 
-1 t 
•19 
■27 
5 
• 3 
• 1 t 
-Id 
•27 
S 
• 3 
•I 1 
■I 9 
•2 7 
S 
. 0 
*11 
■ 1 9 
•2 7 
FKijh 
coda I 
F28 
F24 
F2fi 
F2fl 
F2B 
M4 
MB 
MS 
M 1 0 
MS 
Ml 
MS 
M2 
MS 
MS 
MU 
MID 
MID 
M20 
M9 
M 1 0 
Ml 2 
MID 
F24 
DAMAGE SCOPE 
noo I flop, II 
CO 
Tibl* ig. flaw tfaii for arpafimnnl 1,1 
Sourca/Cloni: 0E>^nSKW3$0 
•«Cub, 
Mma 
Inci/b. 
tomf). 
day 0 
d<r < 
15.5- 
?5.!5 
1 S-S' 
J5-IS 
IS.S' 
fmi. 
I«mo 
5 
•3 
.| I 
■19 
■27 
S 
.3 
■I I 
• I 9 
.27 
5 
. 3 
. t I 
. I 0 
.27 
S 
-3 
. I I 
. I 9 
■27 
S 
■3 
■ I t 
■19 
•27 
I'tujTl 
C(K1» I 
MI3 
f27 
F2t 
F2S 
F2S 
F23 
F2a 
f2« 
F2S 
F2< 
F2S 
F2< 
F2S 
F25 
F2« 
F2S 
F2S 
F2< 
MI < 
F2e 
F28 
F28 
F28 
M2 
M2 
PA;MCE sccnp 
Hop, t Hnp H 
riufp 
coda f| 
F2< 
F28 
F2S 
F26 
F2B 
F24 
F24 
F27 
F23 
F2S 
r?5 
F24 
rn 
F29 
F2a 
F23 
F2S 
F2a 
F2a 
F2a 
F2S 
F2I 
MS 
F27 
limfl 
day i 
day 9 
day II 
Inevib. 
Inmn. 
25.15 
15-S- 
2S.I5 
ISS- 
25.IS 
Fiaai. 
lamp 
5 
■3 
•I I 
•19 
■27 
5 
■ 3 
• I I 
• I 9 
■27 
s 
■ 3 
• I I 
•19 
■27 
S 
■3 
•1 1 
■19 
■27 
S 
■3 
• I I 
• I 9 
•27 
Ftuin 
coda I 
F28 
F28 
F25 
F20 
W3 
Ml 
Ml 
M6 
M4 
P?n 
Ml 
M3 
Ml t 
MIO 
MI7 
MlO 
MS 
W7 
M9 
Ma 
PAMACg SCQIP 
f fiao. II 
Tflbla 19, narf data lof ajporfinaol 1, 
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Incuh. 
lima 
dar 0 
dOf t 
day 4 
Irtcub. 
tamp. 
1 5-5* 
25.15 
15.5- 
25.15 
15.$' 
Pfaot. 
lamp 
5 
‘3 
• ! t 
•10' 
•27 
5 
•3 
• I I 
. 1 9 
.27 
5 
■ 3 
. 1 t 
• I 0 
•2 7 
5 
■: 
• 11 
•10 
• 27 
5 
•3 
• I I 
•10 
•2? 
Plujh 
co<Jo I 
F23 
F22 
P22 
F22 
F23 
F23 
F22 
F22 
F22 
F23 
F22 
F23 
F24 
F23 
F22 
MM 
F2S 
F24 
F23 
F23 
F2S 
F26 
F26 
DAMAGE SCCng 
Hap, { Flop, n 
0 
M 
0 
0 
0 
0 
0 
0 
0 
0 
Flush 
code M 
F22 
F23 
F22 
F23 
F24 
F22 
F23 
F23 
F24 
F22 
F22 
F22 
F24 
Mf 
F22 
F22 
F25 
F2i 
F26 
F2D 
F?4 
F24 
F24 
F26 
Incub. 
lima 
day 4 
day 0 
day 14 
Ipcub. 
tomp. 
25.15 
15.5* 
25.1 S' 
15.5' 
25-15 
F/«af. 
tamp 
5 
. 3 
• I ! 
.19 
•27 
5 
- 3 
. 1 1 
■ 1 9 
•27 
5 
• 3 
. I 1 
• I 9 
•27 
5 
• 3 
-t 1 
•19 
■27 
5 
•3 
■1 1 
• 1 9 
•2? 
Flush 
coda } 
F22 
F23 
F28 
F24 
F26 
F27 
F2S 
F28 
F27 
Ml 
F?8 
F20 
F24 
F27 
M6 
MS 
MS 
MS 
M7 
MS 
F28 
MS 
Mtfl 
fAS 
pAUAGg SCOTiF 
Hop, I Hop, II 
CO 
cn 
TtOl# \<j. RIM diti lof •fpefimtnl l.l 
$oufC*/CloA«: WISCONSIN'S 
l-^cuo. 
I l/T> 
tfiT 0 
itf \ 
cir * 
lACUb. 
>8/T>p. 
I S.5* 
JI5.I5 
1 5-5‘ 
25.1$ 
I 5.S' 
Umo 
S 
• 2 
•1 1 
•19 
•27 
5 
• 3 
• 1 1 
• I 9 
•27 
5 
•3 
• 1 1 
• I 9 
•2? 
S 
•3 
• n 
• 19 
*27 
S 
• 3 
• 1 ! 
• I 9 
•27 
f IviA 
I 
F2a 
F28 
P2fi 
PV 
F26 
F28 
F?fi 
F2fl 
F27 
F28 
F28 
F26 
F26 
P27 
F25 
F27 
F27 
F2< 
M2 
Ml 
fU 
F7J 
M3 
F2? 
M4 
OAAMG6 SCOng 
noo. I Roo. 
Flush 
eodo M 
F28 
F28 
F28 
F25 
F27 
F38 
M2 
F28 
F2? 
F27 
F?< 
F26 
f2B 
F?/ 
Mt 
f7t 
T2S 
F2B 
F28 
Ml 
F28 
Ml 
F28 
Ml 
M3 
lh€i<0. 
Hm« 
d»f 4 
*i^r 9 
<J»r H 
Ihcub. 
U'TIO, 
25*15 
15.5' 
25.15 
15.5' 
25.15 
Pt99t. 
timo 
5 
• 3 
‘1 I 
.19 
•27 
5 
• 3 
• 1 I 
■19 
•27 
5 
•3 
•! I 
• I 9 
*2 7 
5 
•3 
. 1 1 
•19 
•27 
5 
• 3 
• 1 1 
*19 
•27 
FX^ih 
€ed» I 
F24 
F2fl 
M4 
F28 
Ml 
M4 
M4 
M3 
F28 
M5 
F28 
F2B 
M3 
M4 
UlO 
M3 
M3 
MS 
M9 
Ml 2 
MB 
M7 
MS 
M10 
Ml I 
OAFMcg sccns 
floo. I Hoc. M 
T«bla 19. Rayr dsU lor •»p*Hm«n| |,| 
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Mcut). 
lima 
d»7 0 
<J*r 1 
6*f A 
lACUb, 
lamp. 
I 5.S' 
25.15 
1 5.5' 
25-15 
15.5' 
PfOOi, 
lamo 
5 
■3 
•1 1 
•19 
•27 
S 
•3 
• 1 I 
• 1 9 
•27 
5 
• 3 
• 1 1 
• 1 0 
• 27 
5 
• 3 
• 1 t 
-19 
•27 
5 
•3 
• I I 
• I 9 
•27 
Fluth 
coda I 
F25 
F28 
F26 
F26 
F2S 
F2fl 
F20 
F26 
r2S 
F27 
F28 
F26 
F26 
F26 
F2Q 
F24 
F28 
F2fl 
M I 
F2B 
F20 
F28 
M2 
F28 
M3 
DA7MOg SCCOE 
Hop. 1 Hop. H 
Fluih 
coda II 
F24 
F28 
F28 
F28 
F28 
F26 
F23 
F28 
F28 
F2Q 
F26 
M3 
F2fl 
F26 
M7 
F27 
F27 
F24 
F28 
M2 
F26 
F28 
tncub. 
lima 
day 4 
day 9 
day 14 
lACub. 
lamp. 
25.15' 
15.5' 
25*15 
15-5' 
25.15 
Ff«or. 
lamp 
5 
.3 
•II 
•19 
•27 
5 
•3 
•1 I 
•19 
•27 
5 
• 3 
• I 1 
• 1 9 
•2 7 
5 
•3 
• 1 t 
■ 1 9 
•27 
5 
•3 
•1 1 
. t 9 
*27 
Fiuih 
coda I 
F28 
F26 
F28 
F28 
M4 
F27 
F28 
F27 
MX 
MX 
Mx 
F28 
F27 
F27 
MX 
M7 
M3 
MX 
F28 
MB 
M3 
F2B 
F28 
M8 
M7 
Q*M4G£SCCF>g 
npo. t Rao. i) 
cr> 
a> 
Tibl® 19. Raw tfiu fof irpA/lmAAi 1.1 
I'^Cuh. 
itm* 
Sou^c #/Clon«: WISCONSIN 2<7 
tooio. 
d.'ty 0 
fliy 1 
4 
»S.S' 
25.1$ 
15.$' 
2$.IS 
IS.5 
^foet. 
lamp 
riuth 
coda I 
5 
.3 
* I 1 
.19 
.27 
S 
•3 
. 1 I 
•I 9 
.27 
5 
. 3 
. I I 
• 1 9 
.2? 
S 
• 3 
<1 I 
. I 9 
.27 
5 
.3 
• I I 
.19 
• 2 7 
F27 
f24 
F23 
F58 
F2< 
F22 
F23 
F22 
r?4 
F23 
F2< 
F24 
F23 
F25 
F26 
F20 
F28 
F2< 
r24 
F2S 
F23 
F25 
F2$ 
m 
F28 
DfjMCi scqiiT 
nou, I Hop, [1 
flush 
coda II 
rjo 
f?< 
f2< 
f?5 
fj< 
fJ2 
m 
r?3 
H3 
m 
e}» 
fjj 
rj« 
f?! 
F2« 
fJS 
F2< 
F22 
f2# 
f23 
f25 
F2« 
f2i 
f2« 
InciA 
ilin« 
dO]T < 
i)"r w 
liteiiii 
l«mo. 
2S-I5' 
15-5’ 
IS.S' 
25.15 
fr.hr. 
lamp 
S 
• 1 
.| I 
• n 
.27 
s 
. 3 
• 11 
.19 
•27 
S 
•3 
• I I 
• n 
.27 
s 
• 3 
■I I 
.19 
.27 
S 
• 3 
•1 1 
•19 
•27 
riiir.h 
coda I 
f22 
F24 
F2< 
Ml 
F28 
F20 
F?n 
Ml 
M3 
Ml 
r?fl 
F20 
M3 
M3 
F28 
M4 
M8 
Mil 
F28 
MS 
Mil 
MS 
OMtAcnscqir; 
ncft, I flop. ii 
Taiblo 10. nii»» <lJli lor atparlmorvl 1.1 
Soutco/Oono: WISCONSIN 2*2 
I net lb. 
limo 
Incob. 
lamp. 
day 0 
djy 1 
Fiftot. 
lomo 
15.5’ 
25.15 
day * IS.5 
riujh 
coda I 
5 
.3 
. I I 
• I 0 
•27 
5 
. 3 
* 1 1 
. 1 0 
.27 
5 
. D 
• 1 1 
• 1 9 
.27 
5 
O 
. 11 
•19 
•27 
5 
•3 
. 1 1 
. 1 0 
.27 
Ml 
M* 
Ml 
M< 
F20 
M2 
M2 
M2 
M4 
MS 
F20 
F26 
M* 
MS 
M8 
M3 
F27 
M* 
M8 
MS 
F27 
F27 
M2 
M4 
MB 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 
DM^GjjCcnr, 
Nop. I flop. 11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
FInsh 
codo II 
F28 
F28 
M3 
M2 
M< 
F2Q 
F20 
M2 
M4 
MG 
F26 
F27 
M3 
M2 
M4 
F28 
M4 
M3 
M2 
MS 
F20 
M2 
M4 
MS 
MG 
Inciib. 
Ilmo 
Inr.iib. 
lomp. 
d^r 4 
day 9 
Ffftnt. FKuh 
lomp codoL 
25.IS 
IS-S' 
25.1 S 
day 14 1S.5' 
25-15' 
5 
. 3 
"I I 
.19 
• 27 
5 
. 3 
• II 
• I 9 
.27 
F25 
M6 
M4 
MS 
M4 
M2 
MIO 
SCOOF. 
flog 1 PoQ. )l 
M2 
• 3 I M2 
• I 1 
. 1 9 
•27 
*1 1 
. 1 9 
•27 
5 
. 3 
• I 1 
• 1 9 
*27 
M8 
M9 
MIO 
MG 
Ml 2 
M6 
F28 
M6 
F28 
M13 
MIC 
0 
7 
« 
0 
0 
a 
0 
0 
0 
0 
1 
8 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
& 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
7 
8 
CD 
>vl 
T*bl« Ifl. Hiw dttK f©r ftptflmcnt \,\ 
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lAcub. 
Um« 
Oif d 
dly t 
d 17 4 
Incub. 
Umo. 
I S-5’ 
25.>S 
25.15 
1 $.5* 
lemo 
S 
o 
• 1 i 
• 19 
•27 
5 
• 3 
• 1 I 
• I 9 
•27 
5 
•3 
• I 1 
•19 
■2? 
5 
■3 
• 1 1 
•19 
•27 
5 
•3 
• t t 
•19 
•27- 
Tfujh 
code I 
F23 
F2S 
F7S 
f 25 
F24 
n* 
F2i 
f25 
F27 
F23 
F28 
F7i 
F2fi 
F27 
F22 
F28 
F2B 
F28 
F25 
F24 
F2S 
F?B 
F2B 
OAMACg scene 
Hap, t flop. II 
FluJft 
code II 
F23 
F2« 
f2i 
F2« 
F25 
F23 
F24 
F25 
F24 
F26 
F27 
r?5 
F25 
F2fl 
F26 
F2« 
F23 
F28 
F28 
F2« 
F24 
F28 
F28 
F28 
F27 
limn 
947 4 
dey 9 
day 14 
Incub. 
Umo, 
25.IS 
15.5' 
25.15 
1S.5‘ 
25.1$ 
F»aa|. 
lemp 
5 
.3 
■ 1 1 
•19 
•27 
5 
• 3 
•1 1 
•19 
•2? 
5 
.3 
•I 1 
-19 
• 27 
S 
.3 
• I 1 
•19 
•27 
5 
•3 
•t I 
•19 
•27 
Fhiift 
Code i 
F24 
F25 
F26 
F2i 
F27 
F28 
F2« 
Ml 
F.28 
MD 
F28 
F2fl 
Ml 
M2 
M2 
M3 
F28 
F28 
MS 
Mfl 
M3 
Mil 
O/VMCE scong 
nop. I Hop. II 
T.iblo 10, Haw dara foa 
aipfflmani M 
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Mcub. 
lima 
dey 0 
d.ly I 
day 4 
Incub. 
lamp. 
I5.$* 
25.15 
15.5* 
25.IS 
15.5‘ 
Ffoot. 
tamo 
$ 
• 3 
• 1 t 
• I 0 
•27 
5 
. 3 
• I 1 
• I 9 
•27 
S 
.3 
• I I 
• 1 9 
•27 
5 
• 3 
• 1 1 
•19 
•27 
5 
• 3 
• 11 
•19 
•2; 
Fluih 
coda I 
F28 
F28 
F28 
F27 
M2 
F7Q 
F2fl 
M4 
Ml 
Ml 
F20 
F2Q 
M2 
M<1 
Ml 
F27 
F2B 
F27 
F26 
M4 
F27 
F28 
F27 
M3 
M3 
OAMAGg scenp 
Heo. I nop. II 
Fluth 
code II 
F23 
F27 
F2Q 
MS 
M2 
F27 
M2 
F26 
F26 
F27 
F26 
MU 
F2fl 
F2fl 
Ml 
Ml 
F26 
Mi 
M2 
M4 
F26 
F26 
M2 
M4 
M3 
incub. 
lima 
day 4 
day 9 
day 14 
IncuD. 
lomo. 
25-15 
IS.S' 
25.15 
15.5' 
25-15 
Ff aai, 
lamp 
5 
.3 
• 1 1 
• I 9 
•2 7 
5 
• 3 
•1 1 
• 1 9 
•2? 
5 
•3 
•1 I 
•19 
•27 
S 
• 3 
•1 I 
•19 
•27 
5 
•3 
• 1 I 
• I 9 
•27 
Ftuin 
coda I 
F25 
F28 
M I 
M3 
M3 
F28 
M4 
M6 
M2 
MS 
M4 
F28 
M3 
MIO 
M4 
MS 
M4 
M7 
MlO 
M2 
M4 
M7 
M 1 4 
DAMAGE sceng 
noo. I Pao. II 
CD 
CD 
Tibli 19. Riw (fill \Qt itpt/tmanl M 
SourCft/Cton«: WISCONSIN 2^9 
><^CUD. 
H/n « 
Cly 0 
dny I 
Sly < 
Incut). 
lamp. 
I S.5' 
J5.| S' 
I 5.S' 
25-15 
I S-5' 
Fipot. 
limp 
5 
•3 
• I I 
• I « 
• 22 
5 
• 3 
• I 1 
• I 3 
•22 
5 
• 3 
• 1 I 
■19 
•22 
5 
•3 
• I t 
•19 
•27 
5 
• 3 
• I I 
• I 9 
•22 
Plu)h 
CCKf9 1 
F19 
f22 
f22 
F23 
M< 
F22 
F25 
F22 
F23 
F2< 
F22 
f20 
Ml 
F2S 
F25 
F22 
F20 
F22 
F2< 
F22 
F23 
F25 
tv 
F2« 
0A2MC£ scene 
POD. I Onp, II 
0 
0 
0 
0 
0 
0 
0 
0 
0 
M 
Flwjh 
coda II 
F20 
F23 
F22 
F22 
F22 
F20 
F22 
F23 
rp2 
f 2* 
FI9 
r-20 
F2« 
M9 
F25 
F22 
F20 
F23 
F23 
F2< 
F22 
F22 
F24 
F29 
F2S 
IncuP. 
Iltno 
diy 4 
Oy 9 
<)iy |4 
Incoh, 
lomo. 
25-15 
l5-5‘ 
25-15 
IS-S' 
25-15 
Fiaay. 
Ipioo 
5 
• 3 
• I I 
• I 9 
•22 
5 
• 3 
■ I I 
• I 9 
•2 2 
5 
• 3 
• I I 
•19 
•27 
5 
■ 3 
• I I 
• I 9 
•27 
5 
• 3 
• I I 
•19 
•27 
fViJh 
coda I 
F22 
F24 
F24 
F23 
f 20 
F22 
W2 
F2« 
r-2B 
F20 
F28 
F25 
F28 
F29 
M4 
M4 
F2S 
Mt 
M4 
F2S 
M5 
M4 
M2 
M< 
OAT.VICE SCOPE 
Hop. II Hop. I 
Tibt* 19. n»rr (fiU (Of •■p«rlm*nl 1.| 
Souree^lon*: WISCONSIN 245 
In cub. Incub. 
tamp. 
dar 0 15.S* 
25.15* 
doy 1 
day 4 
Fiaot, 
la/np 
IS.5- 
25.1 5 
15.5 
S 
. 3 
. 1 I 
• I 0 
•27 
5 
O 
■ t t 
. 1 0 
•27 
5 
• 3 
• I I 
. 1 0 
•2? 
5 
.3 
. 1 1 
• I 9 
•27 
5 
• 3 
• I I 
• I 9 
•27 
Fluih 
coda I 
F24 
F25 
F24 
F29 
Ml 
F22 
Ml 
F20 
F24 
F20 
F2< 
F2< 
F24 
F23 
F25 
F24 
F2S 
F24 
F2$ 
F2S 
. F24 
F2S 
F24 
F25 
F28 
0A2,<AGE SCCflE 
Pap, I Pon. II 
Fluah 
coda II 
F2» 
F23 
F23 
F20 
F20 
F24 
F29 
F27 
F24 
F29 
F24 
F22 
F25 
F2C 
F28 
F25 
F22 
F2S 
F26 
F26 
F24 
F28 
F26 
F26 
Inc up. 
lima 
day 4 
InciiO. 
tamp. 
25.15 
day 9 
diy 14 
IS-5' 
25-15 
15-5 
23.15 
Fitat. Fluan 
lamp CCX3* I 
5 
• 3 
•1 1 
. 1 9 
•27 
5 
. 3 
. 1 1 
• 1 9 
•27 
5 
•: 
• 11 
*19 
•27 
5 
O 
•1 I 
*19 
•27 
S 
-3 
• I 1 
•19 
•27 
F2t 
F23 
F25 
F25 
F25 
Ml 
M3 
M3 
M2 
F26 
F28 
F2fl 
F26 
F27 
M4 
Mfi 
M2 
F28 
F28 
M3 
M3 
M5 
F28 
OAIAAGE SCCFtE 
Pap. I Rap. II 
CD 
CO 
Ti&l* 19. Hm dill* for •rpcrfment t.t 
Sourci/Clon*; WISCONSIN 
lACob 
!ims 
IncuD. 
Itme. 
yur 0 
d I f \ 
Ctj i 
Fr»*{. 
tomo 
I S-S* 
1 S*5' 
2S-I5 
1 5.S 
f ii/jh 
cod* I 
S 
• 3 
»1 1 
• 1 9 
• 27 
5 
• 3 
• 1 1 
• ! 9 
•27 
S 
• 3 
• 1 I 
•19 
•27 
5 
•3 
• 1 1 
•19 
•2? 
S 
•3 
• 1 t 
• 1 9 
•27 
QA7.V\C(; SCCng 
F2S 
F2fl 
F28 
F2« 
F27 
F25 
F2fl 
F2S 
F20 
f 28 
F26 
F2fi 
MI 
F2fl 
F26 
F26 
F2S 
F28 
F20 
F26 
F25 
F2< 
F28 
Ml 
F28 
non. I 
0 
0 . 
0 
0 
0 
Q 
0 
0 
0 
Q 
Hep. II 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
eod« II 
F23 
F25 
F27 
F27 
F2S 
F28 
F28 
F2« 
F78 
F28 
F2S 
F25 
F26 
F27 
F2B 
F23 
F2C 
F2fi 
F2S 
F27 
F24 
F28 
F2S 
F2fl 
M2 
IrtciiO. 
Hmo 
tncuo. 
IttiflQ. 
day 4 2S*15' 
dir 9 IS.S* 
25^l 5 
day H 
rrici. 
lomo 
tS-5' 
25-15 
5 
O 
• I I 
• 1 9 
• 27 
S 
• 3 
• I 1 
• 1 9 
•27 
S 
• 3 
• I 1 
•19 
•27 
5 
• 3 
• 1 I 
•19 
• 27 
5 
• 3 
• 1 I 
•19 
•27 
Fhjjh 
cod* t 
F2S 
M2 
F28 
r2fl 
F28 
M4 
M4 
M2 
M3 
M3 
F20 
M3 
M4 
M2 
M8. 
M9 
Ml 
MtO 
M9 
Mil 
M3 
M2 
MS 
M4 
MH 
QAMAC£ scone 
Hoo. I Noo. II 
0 
0 
0 
6 
0 
0 
6 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
fi 
0 
0 
0 
5 
0 
6 
0 
0 
0 
1 
Tobio Ifl. flow dots lor siporlmiAt 1.1 
Sourcs/CloAs: WISCONSIN 233 
lAcob. 
Mm* 
day 0 
d*y 1 
day 4 
Incub, 
loino. 
1 S.5' 
25-15 
1 5*5* 
25-15 
IS.S' 
Fioof. 
lomn 
S 
•3 
• 1 1 
• 1 9 
•27 
5 
• 3 
• 1 I 
. I 9 
• 27 
$ 
• 3 
• 1 1 
■ 1 9 
•27 
5 
• 3 
•! I 
■ 1 9 
•2? 
5 
•3 
• I 1 
• I 9 
•2? 
Fluih 
codo 
F26 
F28 
F24 
F20 
F27 
F20 
F24 
F26 
F28 
F26 
F28 
F28 
F24 
F28 
F27 
F28 
F26 
F27 
F24 
F27 
F28 
F27 
F27 
F28 
F20 
pA/MGg scene 
Hop. I flcp. II 
0 
0 
0 
0 
6/4 
0 
0 
A 
0 
0 
Fluih 
cod* II 
F23 
F26 
F26 
Ml 
F20 
F24 
F26 
F26 
F26 
F28 
F28 
F23 
F27 
F26 
F29 
F26 
F28 
F26 
F26 
F28 
F26 
F28 
F27 
Ml 
lACUb. 
lima 
day 4 
day 9 
diy 14 
Inctib. 
I*mp. 
25.15 
15.5' 
25-15 
15.5' 
25-15' 
Ffoet. 
l«mo 
5 
■ 3 
• 1 1 
. I 9 
•27 
5 
- 3 
• I 1 
• I 9 
•27 
5 
• 3 
• 1 I 
• 1 9 
•2? 
5 
■: 
• 11 
• 1 9 
•27 
5 
•3 
• I 1 
• to 
•27 
Flush 
coda 1 
F26 
F26 
F2fl 
F?S 
M3 
F29 
F27 
M4 
M3 
M4 
F20 
F2B 
F2fl 
F28 
M3 
M4 
M6 
M7 
Mi2 
Me 
M8 
M6 
M 10 
M12 
04MAGesccr;e 
Poo. 1 Hup. II 
1
0
0
 
T»^V ?Q. RIT rfitt fcr trpfftTVftl I ^ 
S<^rw/Cten,: YSCOQft 279 
hc^-6. 
IVTW 
<!►/ 0 
in 7 
ipj 5 
bcv6. 
iKTp. 
l>5* 
ry\v 
15-3* 
r^-!r 
t>3* 
frm. 
lwT>0 
3 
-J 
-II 
-n 
-27 
5 
•I 
-u 
•19 
-27 
3 
-3 
-I I 
-19 
-2? 
3 
•I 
-t I 
-19 
•27 
r\uh 
oex^ I 
K3I 
Al 
A2 
AJ 
Al 
mi 
mi 
m 
Al 
A4 
mi 
Al 
X3 
A3 
A2 
A4 
«/A 
M 
A^ 
0^AC£ <X^_ 
R»p. I r^t>. II 
rvuh 
COdf II 
m 
MJO 
A2 
mi 
^t29 
mo 
A2 
mi 
mo 
M79 
A! 
A2 
Al 
M 
A7 
•mi 
Al 
A3 
M 
AJ 
mi 
AO 
1 
2 
A7 
bciA 
IVr*» 
4»/3 
fi 
4»| II 
bc\A. 
IfTTy. 
23-13' 
13-3* 
23-13' 
13-3* 
23-13* 
rrift. 
l»fT>p 
3 
-1 
•II 
-19 
•27 
3 
-S 
-II 
■19 
•27 
3 
*3 
-II 
•19 
-27 
3 
-J 
-II 
-19 
-27 
3 
-3 
-II 
-19 
•2? 
fVih 
I 
A2 
1 
0 
AM 
2 
I 
0 
0 
3R 
30 
3R 
2R 
30 
Ml SCOT 
I r Rrpji 
i/7 
rvjjh 
(I 
! 
A3 
2 
1 
A3 
2 
1 
I 
0 
1 
A3 
2 
3 
0 
2 
4 
4 
AA 
I 
1 
4R 
4« 
in 
in 
4n 
T»hW TO.RIY diU for DrptrVnml 1 
0<xr«/CV5»Mr YGCCffOh 239 
hcv6, 
IVn» 
dpf 0 
i*l7 
iPf 3 
bovO, 
lrrrt>. 
13-3^ 
23-13^ 
13-3“ 
23-ir 
13-r 
rrm. 
, 3 
-J 
-tl 
-!9 
-27 
3 
-3 
-11 
•19 
•27 
3 
-3 
■M 
-19 
•2? 
3 
*3 
-M 
-19 
•2? 
I 
M70 
H79 
M20 
MJO 
M79 
M?0 
A3 
M70 
M20 
mi 
A2 
mo 
mo 
A2 
mo 
M20 
hio 
M 
A3 
M3I 
A< 
AI3 
0 
I 
DAMAO: SCOT 
^>11.1 Rfji. II 
6/0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
7 
6/</0t! 
0 
0 
0 
0 
0 
0 
6/0 
0 
0 
7 
cod* II 
mo 
MM’ 
MI7 
M29 
A5 
M?0 
M30 
Mil 
M2? 
MM 
A2 
mi 
mi 
Ki 
MM 
H30 
MM 
A2 
0 
mi 
At 
I 
I 
I 
boil. 
IVT>t 
irp 
d%<j 8 
!<►/ I I 
bou6, 
Iffrp. 
20-13' 
13-5* 
20-ir 
10-3' 
23-15' 
frut. 
Inro 
3 
-3 
•n 
-I? 
-27 
3 
*3 
-II 
-17 
-27 
3 
-3 
-11 
-13 
-27 
3 
-3 
-11 
-19 
•27 
3 
-3 
-II 
-17 
-27 
rkuh 
ecOf I 
3 
« 
A 
3 
3 
6R 
7R 
M 
M 
6fl 
O/MACC seas 
BM. I Brp. II 
0 
6/0 
0 
3 
7 
cait I 
3 
IR 
1 
2 
2 
£ 
i
 
^
 
5
 
£
 
rO.Siriili (er Irfrrinml I Jj 
WM/CVJTV: VtSCCfad 2T3 
bajt). 
Ih^ 
irj 0 
di>; J 
1 
^OJ6. 
IJ-r 
n-15* 
13-r 
?>ir 
13-r 
fritt. 
Irrro 
3 
-J 
-II 
•U 
-27 
3 
-3 
-II 
-19 
-27 
3 
-J 
-II 
•19 
•27 
3 
-J 
-II 
-19 
-27 
3 
-3 
-II 
•19 
-27 
rvjih 
I 
MM 
M31 
Al 
M 
Al 
M3I 
KII 
n/A 
M30 
A4 
OWACC gC«f 
I Bep, II 
■ 0 
0 
0 
0 
0 
0 
0 
4/0 
0 
0 
0 
0 
0 
4/0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4\« 
2 
rvjih 
oo6* II 
M29 
M30 
M30 
A2 
K3I 
M3I 
n30 
A3 
A3 
A2 
A2 
A3 
A3 
AlO 
A3 
A2 
A2 
A3 
A3 
AJ 
MSI 
A2 
A3 
0 
A« 
9cv6. 
IVr« 
4»/3 
3^/4 
3>j II 
hciA, 
I'nxi. 
73-ir 
13-3* 
23-13* 
13-3* 
n-ir 
trut. 
tm-0 
3 
•3 
-II 
-19 
-27 
3 
-3 
-M 
-19 
-27 
3 
-3 
-II 
-19 
•27 
3 
-3 
-II 
•19 
-27 
3 
-3 
•II 
-19 
-27 
fVuA 
coj# I 
I 
A2 
«/A 
A7 
I 
I 
I 
0 
0 
I 
A3 
3 
3 
0 
3 
3 
A9 
I 
0 
0 
33 
3 
33 
3)3 
33 
PAMAKSCOCT 
Kry. I Xrii. II 
0 
0 
K/A 
I 
0 
0 
0 
7 
8 
0 
4/0 
t 
a 
a 
0 
0 
4\l 
3 
0 
4\3 
I 
4\3 
0 
0 
. 0 
0 
3 
0 
0 
4/0 
a 
0 
4/0 
a 
a 
rvoTi 
cod* II 
2 
A2 
A3 
3 
J 
0 
0 
0 
33 
M 
33 
3B 
33 
T>S)lf TO.Kiv dill ter iirptrVr^fll I J 
WCI/CVTX; VISCCrSH 703 
huA. 
dP/0 
dhf7 
dPi 3 
boj6. 
13-3* 
?>I3' 
13-3* 
tt-ir 
!>r 
frrft. 
3 • 
-J 
-!t 
-19 
-27 
3 
-J 
-II 
-19 
-27 
3 
-3 
-I! 
-19 
-27 
3 
-1 
-II 
*19 
•27 
3 
-3 
-11 
•19 
-27 
Hifh 
COdf I 
M3l 
KJI 
M30 
At 
A3 
Al 
H31 
M31 
A4 
A2 
A3 
A3 
A< 
A7 
A? 
A3 
A4 
A2 
M/A 
Ai 
OAMACtSCgl 
R>p. 1 Rrfi 
0 
0 
0 
0 
I 
0 
0 
0 
i/0 
0 
0 
0 
0 
</D 
0 
0 
0 
0 
6/0 
0 
Hyjh 
606* II 
K31 
Al 
Mil 
Al 
M31 
M?tJ 
K31 
M30 
MIO 
M31 
A2 
A2 
A3 
Ai 
AA 
A2 
A3 
A3 
A13 
A6 
A3 
A2 
A3 
0 
0 
hcub. 
<I»;3 
8 
dp( II 
Txub, 
Ijfnp. 
23-ir 
13-3* 
23-13* 
13-3* 
23-13' 
ffM7. 
(KTO 
3 
-3 
■II 
-19 
-27 
5 
-3 
-n 
-19 
-27 
3 
-3 
-n 
-19 
-27 
3 
-3 
-II 
-19 
■n 
3 
-3 
•II 
-19 
-77 
corJ* I 
0 
A2 
AH 
M/A 
0 
0 
0 
AS 
0 
0 
i 
i 
< 
I 
A 
2 
I 
I 
0 
0 
CR 
! 
AR 
IR 
QAM Aascc^f 
R»P. I Rfp. II 
0 
0 
6/0 
M/A 
7 
0 
6/0 
3 
7 
0 
6/0 
6\^ 
7 
0 
6/0 
0 
9 
0 
0 
6/0 
7 
3 
0 
2 
3 
6\< 
0 
6/0 
H/A 
7 
0 
0 
6\^ 
7 
a 
0 
1 
9 
7 
9 
fVjiK 
to4f II 
K30 
A3 
I 
0 
AU 
0 
0 
AlO 
0 
I 
A 
A 
H/A 
tR 
\ 
tR 
102
 
Tib^ 70. RIY 4ilt for oxfYrtTwfil 1 2 
6cy«t/Clcr,; YSCaiSM 707 
V<»*. 
IVT^ 
<r)Q 15-5’ 
70-13' 
0^/7 
ti-i 3 
V>oA, 
tofry. 
IO-3‘ 
7>ir 
13-3* 
lent. fViih 
eo<fi I 
3 
-J 
-I I 
-10 
-77 
3 
•I 
-II 
-I? 
-77 
3 
•J 
-II 
-15 
-77 
3 
-5 
-II 
-15 
■77 
3 
•I 
•II 
-15 
-77 
roo 
Mil 
M31 
rao 
« 
M31 
H3I 
M75 
Mil 
f.7 
KIO 
*3 
*3 
M 
M 
PAMAg SCOfiC 
^ni.n 8io.ll 
0 
0 
0 
0 
0 
0 
3 
7 
■0 
0 
(/O 
0 
5 
0 
7 
0 
0 
0 
0 
0 
Huh 
c«3< II 
Al 
MIO 
A3 
A7 
A4 
AID 
A7 
Mil 
Al 
A3 
A< 
A7 
AA 
A7 
A4 
A? 
A3 
A3 
A7 
A7 
Al 
A4 
A3 
V<v6. 
IVTY 
<>•(3 
Aiy 9 
ifl It 
bciA. 
trfrp. 
75-tr 
I3-3' 
70-ir 
l3-3‘ 
70-13' 
(nit. 
IfTTp 
3 
•3 
-II 
-15 
•27 
3 
-3 
-I I 
•15 
•77 
3 
-3 
-I I 
-15 
-77 
3 
-3 
•II 
-15 
-77 
3 
-1 
-It 
-15 
-7? 
fVjih 
c<wf« I 
OAMACt $CC77C 
I PM. II 
I 
Al 
A7 
A4 
A3 
A7 
A3 
A& 
I 
I 
3 
4 
3 
1 
I 
3 
0 
0 
0 
OR 
39 
39 
49 
0 
0 
e\4 
0 
0 
0 
0 
0 
7 
0 
9/0 
4 
7 
0 
0 
0 
<\4 
7 
0 
1 
7 
7 
9 
0 
3 
«/0 
S\7 
7 
0 
0 
0 
1 
7 
0 
i/0 
I 
I 
fVjih 
t*3» I 
I 
H3I 
I 
A3 
I 
0 
0 
0 
0 
0 
A3 
I 
I 
AI7 
3 
4 
4 
0 
0 
0 
39 
49 
49 
49 
I 
3163* 70, 9IY Atli fer i)rptr>T»fll 17? 
Ww/eVan.! YBCXTfSn 733 
IVTY 
i-lQ 
4 M 7 
4M 3 
Txvfc. 
lofTO. 
13-3* 
73-13* 
13-r 
73-ir 
I3-3* 
rrt«j. 
lUTt) 
3 
•3 
-11 
•15 
-77 
3 
-3 
-I I 
-15 
-77 
3 
•3 
-I I 
-15 
-27 
3 
-3 
-11 
-15 
-77 
3 
•3 
-II 
-15 
•77 
fVnh 
OOfl* I 
Al 
H3I 
Mil 
Al 
Al 
M30 
A3 
MlO 
Mil 
M3I 
A4 
A7 
A2 
A4 
A7 
Al 
A4 
A4 
A4 
DAM/g SCCRt 
P'l>. I Ittf, II 
0 
0 
0 
0 
0 
9/0 
a 
0 
0 
9/0 
0 
9/0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9/0 
I 
0 
0 
0 
0 
0 
9/0 
0 
0 
0 
9/0 
0 
0 
9\7 
9/0 
4 
fbrtl 
oedf II 
Al 
Al 
A7 
M3I 
A7 
Mil 
Mil 
Al 
A2 
Mil 
A7 
A3 
A3 
A3 
A3 
K3I 
A3 
A7 
A3 
A9 
A4 
A4 
I 
AS 
0 
bci9. 
IVr* 
4A;3 
4iy 0 
("I II 
Im^. 
73-ir 
13-3* 
73-13* 
13-3* 
73-13* 
frill. 
Iwro 
3 
-3 
-II 
-15 
-77 
3 
-1 
-11 
-15 
•27 
3 
-3 
•II 
-15 
-27 
3 
-5 
-II 
-15 
-77 
3 
-3 
-II 
-15 
-27 
rxofi 
cedt I 
M 
A4 
A2 
A3 
A3 
3 
0 
AS 
1 
A4 
AS 
3 
2 
0 
9 
4 
19 
0 
0 
52 
49 
1 
0 
W 
PAMAcesaa? 
Pi9.1 PM. II 
0 
0 
0 
9/0 
3 
0 
9/0 
9/0 
9\l 
9/0 
0 
6/0 
7 
3 
a 
0 
9/0 
Q 
3 
0 
9/0 
0 
I 
9/0 
0 
I 
7 
9/4 
0 
9/0 
3 
7 
9/0 
6\1 
I 
7 
7 
0 
0 
0 
7 
6/0 
f\rth 
ced, II 
KSI 
A7 
I 
Arl 
I 
A4 
0 
0 
I 
3 
3 
3 
4 
3 
2 
4 
M 
0 
I 
39 
99 
0 
0 
C9 
£0
1 
f'lili 30. Pin Sill for iiotrlmcnt 1.3 
5<wci/CI«ii; WiSCCriSIN Tai 
limt 
iirO 15-5- 
3S-I3' 
fiy3 
<iy 5 
Umo. 
IS-S' 
3S-IS 
15-S' 
Irtil. 
ItfPQ 
flujh 
{edi I 
5 
-3 
•II 
-19 
5 
-3 
-II 
-19 
-37 
5 
-3 
-II 
-19 
-37 
ruo 
ms 
7137 
ri38 
n3o 
ri37 
n38 
ri39 
H79 
n3o 
M30 
H3I 
A3 
AS 
A3 
n3i 
At 
Al 
Ad 
A3 
OAflACt 5COTf_ 
Pep.I Ofp,It 
0 
6/0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
6/0 
0 
0 
0 
0 
6/0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
6/0 
7 
flulA 
Cod* II 
031 
030 
037 
Al 
A3 
039 
Al 
031 
038 
A6 
031 
AS 
AS 
Al 
AS 
031 
Al 
Oil 
A6 
Ad 
I 
Oil 
I 
A7 
li/A 
lACub. 
llm* 
dirS 
diy 8 
4IY II 
lAClA. 
Icmp. 
3S-IS' 
is-s- 
3S-IS' 
IS-5- 
3S-IS- 
fftu. 
l/mp 
s 
-3 
•II 
-19 
-37 
S 
•3 
•II 
-19 
-37 
-19 
•37 
S 
-3 
•It 
-19 
-37 
S 
-3 
-II 
-19 
-37 
flupA 
l‘"l■l 
3 
031 
I 
0 
Ad 
OAOACt sccnf 
Hep. I Otp. II 
0. 
0 
6/0 
7 
I 
6/0 
6/0 
7 
7 
7 
0 
6/0 
5 
0 
7 
0 
I 
7 
8 
8 
fli/jh 
code I 
Ad 
3 
:a 
0 
0 
6R 
d 
ill 
I 
T»61* 30.R*v dill for iiiprf VT»*rl IJ2 
S«r<yi/Cbri*; YtSCatSO 347 
YX\J6. 
I»T^« 
do; 0 
dr; 3 
dr; 3 
TiotA. 
I”X>. 
13-3* 
33-13’ 
13-3* 
33-13* 
13-3* 
f/iic. 
tmx> 
3 
-2 
*11 
-n 
*27 
3 
*J 
*tl 
-t9 
•2? 
3 
*3 
-11 
*19 
-27 
3 
*3 
-11 
•19 
-37 
3 . 
-3 
-II 
-19 
•37 
f Viih 
cod* I 
7130 
M20 
M3Q 
M31 
M79 
M31 
M39 
TOO 
M37 
MSI 
M31 
M31 
M 
A3 
Al 
M3I 
MSI 
A3 
Ad 
0 
OAMAOC SCORf 
Rip. I 111^^11 
0 
0 
0 
6U 
t\d 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6/0 
0 
0 
0 
7 
6/0 
rviih 
cod* II 
TO7 
M31 
TO7 
Mil 
M39 
M27 
M39 
M2 9 
0 
Mil 
Mil 
M3I 
A2 
Al 
A2 
Mil 
MSI 
A3 
A3 
MSI 
All 
A3 
Al 
I 
A2 
Ixub. 
IVri 
dr;3 
dr; 8 
dr; 11 
boi). 
I irrp. 
23-13* 
13-3* 
23-13' 
13-3* 
23-13* 
frill. 
tfiro 
-19 
-27 
3 
-1 
-II 
-19 
-27 
3 
-1 
-II 
-19 
-27 
3 
-I 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
Duih 
eod* I 
A3 
I 
I 
0 
I 
2 
I 
A3 
Ad 
I 
3 
d 
Al 
3 
d 
0 
d 
3 
3 
2 
51 
dR 
dR 
M 
dR 
0/MACt SCOT 
Rrp. I IRro. II 
0 
6/0 
6/0 
6/0 
0 
0 
0 
6/0 
6/0 
0 
0 
7 
6/0 
0 
0 
9 
a 
0 
6/0 
0 
9 
0 
0 
0 
7 
0 
0 
6/0 
7 
8 
8 
0 
6/0 
rviiti 
oo6* l( 
1 
A3 
2 
A3 
2 
2 
2 
A** 
0 
1 
3 
2 
2 
2 
2 
A 
A 
0 
1 
2 
tR 
A 
AR 
A 
104
 
T>ew TO.OIT <IU fer (lymTwl 1J 
S«J-M/CVr»; VeCCfOM 2TJ 
txuCi. 
ItT^ 
e>i 0 15-5* 
7>I3* 
3 
ba.«. 
Irfr»9. 
13-3' 
n-tr 
ff nt. 
iKTp 
fVjih 
»<V I 
15-3’ 
3 
-3 
-II 
•I? 
•27 
3 
■3 
-II 
-19 
-27 
3 
•3 
-II 
•19 
-27 
3 
•3 
-II 
-19 
-27 
3 
-3 
•II 
•19 
-27 
7329 
709 
709 
709 
709 
709 
709 
7179 
709 
709 
701 
701' 
M 
M 
n 
700 
7131 
701 
A7 
K/A 
h3l 
701 
0 
0 
At 
PAMAOtSCOITt 
I 2it, II 
0 
0 
3\< 
7 
0 
0 
0 
0 
0 
3/0 
0 
0 
5/0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5/Q 
0 
0 
3\< 
5\< 
0 
Him 
tait II 
700 
709 
Al 
7131 
A2 
7131 
709 
709 
700 
709 
K/A 
701 
Al 
A2 
A3 
700 
701 
A3 
Al 
Al 
701 
Al 
0 
I 
A7 
I<u5. 
I7T» 
3>/3 
in 9 
Ihrp. 
73-ir 
13-3* 
73-l3‘ 
i*t II 
frtft, 
IfTTp 
13-r 
73-13* 
3 
•1 
-19 
-77 
3 
-3 
•II 
-19 
-77 
3 
•3 
•I I 
-19 
-27 
3 
-3 
-II 
•19 
-27 
3 
-3 
-II 
-19 
-77 
fbiA 
teit I 
2 
A2 
2 
0 
2 
3 
1 
0 
0 
«/A 
3 
2 
4 
3 
4 
49 
49 
39 
I 
I 
» 
39 
39 
49 
39 
OAMACCSORI 
9f9.1 Rff, II 
N/A 
0 
3/0 
7 
7 
9 
0 
0 
7 
3 
3/0 
0 
2 
3\4 
7 
7 
0 
0 
8 
7 
n>(7 
toA» M 
2 
I 
3 
0 
A3 
Ti6l4 TO.Rlv tflll fer trptriryrf){ 
Bortf/Cloti*; YISCOOtl 239 
bcv6, 
llm# 
i'l 0 
in 7 
in 3 
Ticii. 
lwT1>. 
13-3* 
73-13' 
I>3* 
23-13* 
13-3* 
frill. 
lfff< 
3 
-3 
-II 
•19 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-It 
-19 
-27 
3 
-3 
-II 
-19 
-27 
rijih 
eair I 
70! 
701 
7129 
700 
709 
709 
700 
TOO 
AI4 
M 
TOO 
A4 
A2 
A2 
A3 
701 
700 
A2 
A3 
701 
I 
At 
I 
AtO 
AI3 
OAMACC SCCRt 
9>9.1 Pin, II 
0 
3/0 
I 
0 
0 
0 
0 
0 
8/0 
8/0 
0 
0 
3/0 
3 
3\4 
0 
0 
0 
8/0 
3/0 
0 
0 
8/0 
0 
0 
0 
0 
3/0 
4 
0 
riiiiii 
t»<i« II 
709 
709 
700 
709 
709 
700 
709 
7150 
709 
709 
H3I 
Al 
Al 
A2 
A2 
701 
701 
Al 
A2 
A2 
701 
Al 
I 
A2 
A3 
hevO, 
3^)3 
9 
in II 
hml), 
lerrfi. 
23-13* 
13-r 
23-ir 
13-3* 
23-13' 
frMt. 
tirro 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
•19 
-27 
3 
-3 
-II 
•19 
-27 
3 
-3 
-II 
-19 
-27 
5 
-3 
-II 
-19 
-27 
riirti 
ca}t I 
2 
A2 
A4 
1 
I 
3 
4 
4 
1 
2 
» 
89 
49 
3R 
3 
0//1/O8 9CCRT 
9>P. I PfD, 
0 
0 
8/0 
8\4 
9 
3/0 
0 
0 
7 
7 
0 
3/0 
7 
e 
0 
3/0 
2 
7 
9 
8/0 
0 
0 
a 
8 
0 
0 
riujTi 
»5* II 
3 
3 
3 
1 
2 
W 
3 
5? 
3 
3 
105
 
TiftV ro. SIT ftr iryfrlr»flt |J 
5<WM/CV)r.: Y6CCKSH m 
IITT 
<>/ 0 13-r 
7J-13* 
t>,7 
<N 3 
hc\j6. 
IJ-3' 
r>-i3' 
13-r 
frNt. 
tffrp 
rUjii 
»i3* I 
3 
■3 
-II 
-H 
•77 
3 
•J 
-II 
-17 
•n 
3 
-J 
-II 
-17 
-77 
3 
-J 
-II 
-I? 
•Tt 
3 
-3 
-II 
•17 
-77 
K30 
K30 
H77 
(-CO 
A7 
M77 
K3I 
K77 
K3I 
roi 
rai 
Al 
AJ 
I 
A? 
PWAOI SCCRC 
S'ii. I Sip, II 
0 
t/0 
0 
7 
I 
0 
Q 
0 
6/0 
0 
0 
0 
0 
0 
0 
0 
6/0 
0 
6/0 
0 
0 
0 
0 
6/0 
6 
fViih 
poll II 
Al 
H3I 
Wl 
rt77 
A3 
AA 
MM 
M30 
M77 
A3 
A3 
A3 
Al 
«/A 
AA 
A3 
A3 
AA 
A3 
0 
A3 
A3 
A3 
0 
A3 
Tioiii. 
IVT^ 
6^3 
Aiy e 
t>i II 
Ixv*. 
I«T3I. 
33-13' 
13-3* 
73-I3' 
13-3* 
73-13* 
trill. 
ItITX) 
3 
•J 
-II 
-17 
-37 
3 
-3 
-II 
-17 
-37 
3 
-3 
-II 
-19 
-37 
3 
•3 
-11 
•17 
•27 
3 
-3 
-11 
-17 
•37 
fVnh 
Wd« I 
I 
I 
A6 
A3 
AlO 
OAMACCSCCRI 
Si7. 
0 
0 
0 
1 
8. 
6/0 
6/0 
7 
8 
S 
0 
0 
6/0 
7 
MAIL 
6/0 
6/0 
0 
7 
7 
0 
6/0 
0 
6/0 
7 
0 
0 
2 
6VI 
0 
0 
0 
9 
0 
a 
rtjjfi 
codt II 
A3 
M3I 
A3 
0 
0 
3 
3 
0 
0 
0 
w 
» 
31 
2 
0 
T»6V TO.RIT dill for ix;>»r*T*nl I J 
6«re»/Cl0M; YBCCffSTl 270 
bct6, 
Ihw 
tf/ 0 13-3* 
33-13' 
6i'( 3 
3 
hcub, 
■tar?!. 
15-3’ 
73-ir 
13-3* 
frnt. 
lm>g 
3 
-3 
-II 
-17 
-37 
3 
-3 
-II 
-17 
-27 
3 
-3 
-II 
-17 
-27 
fVjrti 
eodi I 
OAHAOC SCOtf 
Srp, I Rtp, II 
A3 
At 
A2 
A3 
A3 
M30 
A3 
M3I 
A7 
A3 
0 
0 
6/0 
0 
0 
0 
0 
6/0 
0 
0 
6/0 
0 
0 
A 
6/0 
0 
0 
0 
0 
6/0 
rvjiti 
eoOf II 
A2 
M3I 
M3I 
Al 
A3 
K3I 
Al 
mi 
A2 
A3 
A6 
AA 
A3 
A3 
A3 
A2 
A2 
AA 
A6 
AA 
AA 
AA 
A3 
A7 
A3 
ITSJO 
6»j3 
a 
11 
hc\jb. 
Irrr<). 
75-15' 
13-3' 
TO-IS- 
13-r 
75-13' 
trill. 
Inro 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
-17 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
•19 
•27 
nuj6 
I 
A2 
A6 
AA 
A6 
A7 
AA 
0 
A3 
0 
0 
3 
3 
3 
0 
A 
A 
0 
0 
0 
0 
AR 
3 
A 
0 
0 
PAMAg SCCHf 
Rrs.l Rfp.ll 
0 
6/0 
0 
6/0 
6^3 
0 
0 
• 0 
7 
7 
0 
6/0 
7 
6/0 
1 
2 
7 
3 
0 
0 
7 
0 
0 
0 
6\l 
3 
0 
0 
I 
0 
3 
0 
K/A 
7 
S 
fVrtH 
M«5« II 
A2 
A3 
A3 
A7 
0 
A3 
0 
0 
A6 
0 
2 
«/A 
0 
0 
0 
2 
0 
0 
0 
0 
AR 
A 
AR 
1 
AR 
o 
07 
r**l« dill for i»;>Tr»T»fll I J 
Sftr{»/CW;8fA)r««l. J<3 
bcv6 
IVT># 
a»; 0 
■>N ? 
d>/ 3 
t'CVft 
tm>o. 
13-3' 
W-13* 
13-r 
»-ir 
i3-r 
frtn. 
3 
-It 
-19 
-37 
3 
-3 
-n 
-19 
-27 
3 
•3 
-II 
-19 
-27 
3 
-X 
-n 
-19 
•27 
3 
-3 
-II 
-19 
-27 
f inh 
«e^ 
A3 
A3 
A2 
A3 
AI3 
A2 
A3 
M 
A7 
AIO 
A9 
A7 
A3 
A9 
A9 
A9 
M 
AH 
AIO 
&AMACC SCCgt 
«*p. I 1 
0 
0 
0 
0 
S/0 
0 
0 
0 
0 
0 
0 
0 
2 
S\3 
2 
0 
3 
7 
0 
6 
D 
0 
6/0 
1 
0 
6/0 
6/0 
0 
6/0 
^VJl^ 
II 
A1 
A3 
Ai 
A3 
M 
A2 
AS 
A^ 
A3 
A13 
AA 
M 
A3 
A4 
Ai 
M 
A9 
A? 
A^ 
A& 
A3 
AI3 
heub, 
IVr# 
4»/3 
B 13-3' 
73-13' 
6K/ M 
!ffT0 
73-13 
13-3* 
7>13^ 
ff Mt. 
3 
•3 
•II 
-19 
•27 
3 
-3 
-II 
-19 
-2? 
3 
-3 
-U 
-19 
•27 
rviih 
e»f» I 
A6 
A3 
AIO 
AIO 
AO 
0 
A& 
0 
AO 
0 
0 
AA 
0 
0 
0 
o^Agscow 
^r?. I Kip. II 
0 
t\l 
t/0 
I 
0 
1 
0 
2 
t/0 
i\3 
0 
0 
7 
S 
0 
0 
0 
t\3 
t 
t/0 
t/0 
0 
7 
7 
0 
0 
0 
6/0 
0 
0 
0 
1 
3 
i\0 
3 
0 
3 
7 
2 
f\im 
A7 
A3 
0 
0 
0 
0 
0 
0 
0 
0 
TibH W.Siv dll) for trprrVrwl 1 J 
Wct/CVr<*;i>tAlfS>:m, 320 
bojti, 
iTTIt 
dr| 0 
dr; 2 
dr; 3 
bcub. 
Iiiro, 
13-3’ 
23-13* 
I3-3* 
73-13*, 
15-3* 
frm. 
limo 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-I I 
-19 
-27 
3 
•3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
f Viih 
Ctrl! I 
A2 
K3I 
hUI 
A2 
A2 
Al 
A9 
A2 
A& 
A3 
O^TIACt SCOIIt 
I rHry. II 
3 
0 
0 
6/0 
0 
0 
0 
0 
1 
2 
0 
1 
I 
0 
7 
3 
0 
0 
3 
5/0 
0 
0 
0 
6/0 
0 
0 
0 
0 
1 
2 
6/0 
6 
6/0 
1 
2 
0 
0 
0 
0 
1 
O' 
0 
0 
2 
I 
f bjih 
codi II 
A6 
Al 
Al 
M31 
A3 
Al 
K3I 
M3I 
Al 
M 
A3 
AA 
AO 
A3 
A2 
A2 
A6 
A9 
A9 
A6 
A3 
A6 
A3 
AA 
bciAi. 
ITTIT 
d»;3 
di*; 6 
d*^ 11 
I wrp. 
23-13* 
13-3* 
23-13' 
IV3* 
23-13* 
rr»n. 
Iffro 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-I I 
-19 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
f\ijb 
ood» I 
A8 
Ad 
A2 
0 
K29 
0 
0 
0 
0 
1 
2 
3 
0 
I 
0 
0 
0 
0 
0 
SR 
I 
3 
2R 
OWACt S(XRt 
drr.l Prp.ll 
0 
6/0 
3 
< 
7 
0 
0 
2 
6\! 
2 
6/0 
7 
3 
0 
I 
< 
7 
7 
0 
0 
6\d 
7 
0 
6/0 
I 
d 
3 
2 
7 
2 
6/0 
3 
I 
0 
3 
3 
7 
0 
2 
I 
6\d 
7 
I 
6\l 
7 
7 
OOdJ* |i 
A7 
AA 
A3 
AA 
0 
0 
0 
0 
0 
A2 
0 
0 
3 
0 
0 
3R 
1 
0 
0 
0 
2 
d 
3 
0 
dR 
107
 
TiiiW 20.Rw tfi(i (er •i7»rtnmt 1.2 
Wc»/CV»>:Bt^RS}CrU. U2 
lTr»* 
iff Q 
7 
ip-l 5 
bctJi. 
(»mp. 
I5-5* 
23-13' 
15-3* 
»-ir 
i3*r 
frtet. 
trrrq 
rVrfi 
ee^ I 
3 
-3 
•H 
-15 
-27 
5 
•3 
■U 
-19 
•27 
3 
-3 
-n 
-19 
-27 
3 
-3 
-I! 
-15 
•2? 
3 
-3 
•n 
-19 
-27 
A1 
K3V 
K3I 
M3I 
A2 
mi 
A7 
mi 
mi 
A2 
O^A^C scx^c 
t R»p. 11 
0 
0 
0 
4/0 
0 
0 
4/0 
Q 
0 
0 
0 
3 
0 
4/0 
1 
0 
0 
2 
0 
0 
ruifi 
eo6* II 
A2 
A2 
M 
A2 
A4 
A12 
A2 
A? 
M 
M 
M 
A3 
A3 
AJ 
AI2 
A3 
M 
A4 
A3 
A3 
A3 
A-( 
M 
A4 
txv6. 
hr«* 
4^;3 
l>v 5 
n 
hcjb. 
23-ir 
15-S* 
73-13' 
I3-3* 
73-13* 
frMi. 
IwTp 
3 
•3 
-11 
-19 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-n 
-19 
-27 
3 
-S 
-II 
-19 
-27 
3 
-3 
-n 
-19 
-2? 
f\ah 
co^ ( 
Al 
AO 
A4 
A4 
A3 
0 
A3 
0 
0 
2 
2 
3 
0 
0 
0 
0 
AS 
0 
All 
51 
0 
4 
0 
3 
^A^Agsoyt 
Ajf.i RfpJI 
0 
2 
4\2 
1 
7 
0 
2 
4/0 
0 
I 
0 
I 
3 
3 
7 
«/0 
0 
0 
0 
0 
0 
0 
3 
7 
e 
0 
0 
0 
0 
7 
0 
i/0 
7 
fV/ih 
eo^I! 
A3 
A2 
Ai 
AU 
AO 
3 
0 
A3 
0 
A3 
mi 
2 
2 
0 
AO 
A4 
A7 
AA 
0 
0 
30 
I 
4 
a 
0 
T»Alt20,lli'r3iti fcr »T^>+rtri.nl ( Jl 
S<«-M/CVjr*;BtA)fSKfU„ iOJ 
^r/ a 
it'l 1 
i>l 3 
txi*. 
I3-3* 
70-I3' 
IJ-3* 
23-13’ 
13-3* 
Inn. 
Iffrp 
3 
-J 
-II 
-13 
•27 
3 
•J 
-II 
-13 
-77 
3 
-3 
-II 
-13 
-27 
3 
-5 
-II 
-13 
-27 
5 
-3 
-II 
•13 
-27 
f VllA 
I 
A2 
AI2 
H2a 
roo 
MSI 
nso 
M70 
Al 
Al 
A2 
hsi 
A2 
A4 
Al 
At 
A2 
Al 
OAM/gSCORt 
Rfp. I Rtp. II 
0 
0 
0 
0 
&\4 
0 
0 
0 
0 
0 
fWjh 
co<i* f 
AO 
mo 
M2 7 
AO 
H70 
MSI 
M29 
mi 
M/A 
A7 
MSI 
A2 
M29 
A3 
HSQ 
mi 
At 
A3 
Al 
AO 
A7 
A3 
(VTV 
4>V3 
0 
4 ••I 
b<»j6. 
23-13* 
13-3' 
23-13' 
13-r 
2>ir 
lent. 
Iftnp 
s 
•3 
-II 
-13 
-27 
3 
-3 
-II 
-13 
-27 
3 
-3 
-I I 
-13 
-27 
3 
-3 
-II 
-13 
-27 
3 
-3 
-I I 
-13 
-27 
fVjift 
eoJ» I 
H3I 
A2 
0 
A2 
I 
Al 
I 
0 
1 
2 
1 
3 
4 
2 
3 
0 
3 
I 
0 
0 
a 
4R 
4R 
4/1 
OAJIAGt SCCI^ 
O-n. I Ofp 
0 
«/0 
0 
0 
0 
t/0 
0 
0 
6\1 
7 
l\rsf\ 
eoa> II 
mi 
AJ 
A3 
A3 
1 
3 
4fl 
I 
I 
I 
4R 
4R 
4 
40 
3 
o 
CO 
T»6V rO. Riv ^il) fcr I j 
5«u'«/cvr^: etM5>:rti. 31& 
boj6, 
lVr.f 
d^/0 
tpi 7 
ipf 3 
boj6. 
iffTp. 
i>r 
73-ir 
13-r 
7>\r 
!3-3* 
ItHt. 
imy 
i 
-I 
-11 
-II 
•77 
3 
-1 
-I I 
-13 
-27 
3 
•J 
-II 
-19 
-27 
3 
-J 
-II 
-II 
-27 
3 
-3 
-II 
-19 
-27 
rvrfft 
I 
W 
. W 
kii 
nn 
A2 
71/A 
Al 
AH 
A3 
A2' 
A2 
AA 
A2 
A3 
K3I 
OA/iACf SCORt 
»>>■ I It 
0 
0 
0 
t/0 
(/O 
0 
0 . 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
s/0 
0 
0 
s/0 
1 
0 
7 
0 
0 
0 
s/0 
s/0 
0 
0 
0 
0 
0 
0 
6/0 
0 
0 
0 
0 
0 
0 
0 
rvjih 
II 
K!0 
A3 
A8 
Al 
Mil 
7^1 
A4 
A3 
A4 
7t/A 
A3 
A4 
A« 
AS 
A3 
AS 
AS 
A3 
AS 
AS 
AS 
Al 
Al 
AS 
hoA, 
MTT» 
Si-|3 
« 
/►/ II 
3KV6. 
Iwr<>. 
73-13' 
I3-3* 
73-ir 
13-T* 
73-15' 
frm. 
Im^ 
3 
•1 
•II 
-19 
-37 
3 
-1 
•I I 
•19 
-37 
3 
-1 
-I I 
-19 
•77' 
3 
•1 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
rvjjTi 
eo^ I 
A3 
AS 
A7 
0 
OA/IACTSCCRf 
<>9. I 
6/0 
0 
0 
7 
7 
0 
1 
I 
S/0 
7 
0 
0 
<■9. II 
0 
I 
0 
I 
7 
S/0 
3 
7 
7 
0 
0 
6\l 
S\J 
7 
0 
I 
I 
AifTl 
Co6* II 
AS 
As 
AA 
A7 
0 
0 
0 
0 
0 
S 
SR 
A9 
I 
S 
T>6V70,RiY6,||for„p,rtT»fll \2 
Sou-cs/CViosiDtARacfU. 317 
hcuO. 
IVTT* 
0 
2 
dff Z 
hciib, 
UlTp, 
13-3* 
?3-tr 
13-r 
2>13' 
l^-r 
frttt. 
3 
•3 
-n 
-19 
-27 
3 
•5 
-II 
-19 
-2? 
3 
-3 
-t I 
-19 
-27 
3 
-S 
-M 
-19 
-27 
-19 
-27 
rvjih 
oo<J* I 
A7 
A3 
MiO 
M 
A2 
A2 
H31 
A3 
Ai 
A6 
A3 
A^ 
K/A 
A43 
AO 
A6 
All 
A3 
AlO 
0 AM Act SCCITf 
R>9.I lits.ll 
0 
7 
0 
0 
s 
0 
0 
6/0 
N/A 
2 
3 
I ■ 
0 
3 
S/3/IJ0 
0 
2 
6/0 
1 
6/0 
0 
0 
0 
S 
0 
6/0 
3 
2 
S 
0 
0 
I 
0 
6/0 
6/0 
rvirti 
ood* 11 
A3 
A3 
A7 
M31 
AS 
Al 
AJ 
7S3I 
AS 
A10 
A3 
AS 
A7 
AO 
A3 
A3 
A3 
AO 
AS 
A9 
A7 
Aa 
Aa 
AI3 
«/A 
hoo. 
1VT«* 
tfn/ d 
bcU>. 
Ifffp. 
23-tr 
13-3* 
73-ir 
13-3* 
?3-13^ 
frMt, 
IKTP 
3 
-n 
-19 
-27 
3 
-3 
-11 
-19 
*2? 
3 
-3 
-11 
-19 
-27 
3 
-3 
-n 
•19 
-27 
3 
-3 
-II 
*19 
-27 
c»y5* 1 
AS 
M 
AS 
A7 
1 
A7 
0 
0 
0 
3 
2 
A7 
0 
0 
0 
0 
0 
0 
0 
t 
0 
<R 
I 
0 
3 
OAMAg sgyc 
0 
2 
1 
6/0 
7 
0 
2 
2 
I 
3 
0 
AVI 
? 
3 
7 
2 
i 
3 
6\l 
3 
0 
0 
7 
7 
0 
0 
6\3 
7 
7 
rwtA 
II 
A3 
A3 
AA 
AIQ 
0 
0 
A7 
0 
0 
0 
0 
0 
0 
0 
1 
w 
I 
1 
s 
109
 
TiW iO.Kiv 4ili for (yp*rtT»nl IJ 
s«x«/cvi*;KA's>:r(i. jiz 
>y\6. 
4»/ 0 
0»( J 
i»l 3 
>-ek£. 
tm>o. 
13-r* 
75-13' 
15-3* 
75-ir 
11-r 
foMt. 
twro 
Hiih 
e*J» I 
3 
-J 
-11 
•13 
•37 
3 
•1 
-II 
-M 
•77 
3 
•1 
-I I 
•n 
•77 
3 
•J 
-II 
-II 
-77 
A3 
709 
A1 
A7 
A7 
Al 
A3 
Al 
A3 
A3 
A7 
A3 
A3 
A3 
K/A 
A3 
A3 
A3 
A3 
A7 
DAMAgSCCRt 
Hr^.l Htf.il 
0 
0 
I 
0 
0 
(I'O 
3 
3 
0 
(/O 
0 
a 
0 
0 
K/K 
0 
0 
0 
0 
0 
0 
(/O 
0 
(/O 
7 
t/0 
t/0 
0 
(/O 
0 
0 
0 
I 
7 
0 
I 
0 
0 
(/O 
1 
rujii 
tOi4 II 
Al 
A2 
Al 
AI3 
A3 
A3 
701 
AT3 
A3 
A3 
A3 
A3 
A3 
A3 
A4 
A3 
A3 
AlO 
AS 
A3 
A3 
A3 
A3 
AS 
hovS. 
IVT» 
S>y3 
t»l t 
II 
TKVA, 
IrtPO. 
73-ir 
13-r 
73-13' 
13-r 
73-ir 
frut. 
Iwr» 
3 
-3 
-II 
-U 
•37 
3 
•3 
-II 
-13 
-37 
3 
-1 
-II 
-13 
-77 
3 
-3 
-II 
-13 
-37 
3 
-3 
•II 
•13 
-77 
^ln^ 
eoSt I 
AJ 
A3 
A3 
AS 
0 
0 
0 
A3 
0 
0 
I 
0 
0 
0 
AI7 
A3 
0 
0 
0 
0 
u 
A3 
« 
0 
7 
DAM7«SCP!f 
1 9f», II 
S/0 
S/0 
S/Q 
0 
S\3 
0 
7 
I 
1 
(/O 
0 
(/O 
7 
7 
S/0 
0 
0 
i/0 
7 
7 
0 
S/Q 
7 
7 
S\1 
0 
S\0 
S/0 
7 
0 
0 
S/0 
3 
7 
i/0 
7 
0 
7 
7 
S/0 
S/0 
0 
7 
7 
S/0 
S/0 
7 
I 
7 
fVuh 
II 
AS 
A3 
AIS 
AS 
A3 
A3 
A3 
0 
0 
I 
0 
AS 
0 
0 
0 
0 
AS 
0 
0 
IR 
1 
3 
0 
I 
T»6I* TO.filV SiU for iyp+r7T)»fll I Jt 
8«J-M/C!«v*;KWtt»;ni. 313 
Tuxfi. 
l"n>. 
frut. 
Iffry 
rvjih 
oMo I 
OAMACtSCCfit 
SlQ, I Rry, II 
fVjtl 
oM* II 
Ticui. hcvjS. 
IVTW Ironp. 
fruc. 
Itmp 
rijiTi 
OOP* I 
DA-iAasayi 
Rrp. I Hrf, II 
rvjjJi 
cop* II 
ti-l 0 lo-r 
73-13* 
S>f 7 13-r 
7>I3 
i>l 3 13-3* 
3 
-3 
-II 
-13 
-37 
3 
-1 
-II 
-13 
-77 
3 
-3 
-II 
-13 
-77 
3 
•8 
-11 
-13 
-77 
3 
-3 
-II 
-13 
-77 
703 
Al 
M31 
MSI 
7331 
M30 
1-00 
700 
A7 
MSI 
AJ 
A3 
A7 
AIS 
Al 
AS 
A7 
AlO 
A7 
0 
0 
0 
0 
0 
0 
0 
7 
S\l 
0 
0 
0 
6/0 
0 
0 
0 
0 
0 
S/0 
0 
0 
0 
s/0 
s/0 
s/0 
I 
7 
0 
0 
s/0 
0 
0 
0 
0 
0 
0 
0 
0 
s 
6/0 
7-01 
A3 
MSO 
Al 
A3 
703 
M30 
M3I 
A7 
A3 
A7 
AS 
A7 
A7 
A3 
A7 
A7 
AS 
AS 
A3 
0 
AS 
S>V3 73-13* 
Sv| 0 13-3* 
73-13* 
Sr; II 13-r 
73-ir 
3 
-3 
-11 
-13 
-77 
3 
-3 
-I I 
-13 
-77 
3 
-! 
-II 
-13 
-77 
3 
-3 
-II 
-19 
-77 
3 
-3 
-II 
-13 
-77 
0 
S/0 
7 
6/0 
S\J 
0 
0 
0 
6\3 
3 
0 
I 
s/0 
7 
7 
0 
6/0 
I 
7 
3 
0 
I 
7 
7 
6/0 
S/0 
S/0 
7 
7 
0 
0 
0 
I 
I 
0 
6/0 
7 
3 
0 
0 
5\l 
SVS 
7 
0 
SV7 
5 
7 
7 
A7 
AS 
AS 
0 
0 
4 
A7 
0 
0 
0 
A3 
3 
1 
0 
1 
4 
4 
0 
0 
0 
0 
4R 
8 
I 
3P 
110
 
rO
. X
iT
d
d
ifa
- 
fir
pf
rV
nm
t 
| J
 
111 
jr 
-8 
ii 
I 
ii 
^ O ^ S5;^-2 25 5 o o o o o o g o ^ o 
o o 
a r« r«- I 
O CM cw O CM r~ r» m 
5 
— O O o O 
— IT O O 
^ O O o o s - - 
II 
li 
— <N 
ti 
n 7 - - iM 
Ji 
22=2 S2=i? 
C>« o *v o O o M o 
€3 0 0 ^0 o *** o o o 
—“ O •« o o 
O O o O o o o o o o o o o o o 
?2-22 2252: 
II 
ll 
2 2=^ 522== 
r,7Z?R 
t-* n 
^i f> A 
Tm'« JO.JiY lili Icr I J 
SOJ-M/CVCKA^KI. 321 
bcij6. 
Ir 
i>l 0 
ill 7 
d>j S 
Saj5. 
Iffrp, 
13-r 
n-t3* 
13-3' 
23-13* 
13- 
ffM[. 
<hTX> 
3 
•3 
-11 
-19 
-27 
3 
•3 
-II 
-19 
-27 
3 
•3 
-11 
-19 
-27 
3 
-3 
•II 
-19 ■n 
Hjih 
ew> I 
A2 
M 
M 
AI2 
A3 
AJ 
A3 
A3 
A< 
OA^IACt SCtyf 
fr>.\ »r|>. II 
0 
0 
0 
(/O 
0 
0 
0 
0 
0 
0 
«/Q 
0 
0 
0 
0 
0 
0 
0 
s/0 
0 
njjTi 
cw9» II 
A2 
AS 
A3 
M 
A3 
AS 
A3 
AJ 
A3 
Ai 
A3 
AS 
AS 
A3 
A9 
AS 
AS 
A7 
A7 
AO 
A3 
AS 
AS 
AS 
AlO 
bcuS 
lVr» 
<►(3 
bcvS, 
Iwrff. 
2>I3 
/•V e 
S«| II 
13-r 
73-13 
l3-3‘ 
7MT 
frm. 
IffTp 
Djrt> 
ooV I 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
•27 
3 
•3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
AS 
A7 
AS 
AlO 
AO 
AS 
AS 
AS 
A? 
0 
A3 
AO 
A7 
At! 
I 
AS 
AS 
AS 
AlO 
owACt scoa- 
f’f. I 2r». II 
0 
0 
0 
0 
S\4 
0 
0 
0 
0 
3 
0 
0 
0 
0 
4\3 
0 
0 
0 
0 
0 
0 
0 
0 
S/0 
7 
rvjiA 
eoS» II 
AS 
A9 
A7 
A7 
All 
A3- 
AS 
AS 
AO 
AS 
AS 
A3 
AS 
AtO 
0 
AS 
0 
A7 
0 
AlO 
AS 
A7 
AlO 
0 
I 
TlAW 20, l!>r Sill for upti-Yrmil I 2 
WM/CtercDtAASXnL. ICO 
hoi). 
tVrsf 
JK; 0 
frf 2 
i^l 3 
hcub. 
lorry. 
IS-T* 
23-ir 
I3-3* 
73-13* 
13-r 
frm, 
Ipfrp 
3 
-3 
-11 
-19 
•27 
3 
•3 
-II 
-19 
-27 
3 
-3 
-II 
•19 
-27 
3 
-3 
•II 
-19 
•27 
3 
-3 
-11 
-19 
•27 
null 
co4t I 
MIO 
M31 
A2 
A3 
A3 
A2 
K31 
K3I 
AI3 
OAHACC gXRt 
^12,1 Rro. II 
f\o7l 
oof- II 
ttM 
AS 
M31 
TGI 
H/A 
M3I 
TGI 
AlO 
A2 
A3 
A3 
AS 
A3 
AS 
A3 
A9 
A7 
AS 
A3 
AS 
AS 
AS 
hixo, 
I3T» 
Siv3 
8 
S-f II 
bc\0, 
-irrpi. 
23-13* 
i3-r 
23-ir 
i5-r 
23-ir 
friit, 
Imy 
3 
-3 
-11 
-19 
-27 
3 
-3 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
3 
•J 
-II 
-19 
-27 
3 
-3 
-II 
-19 
-27 
rAjjTi 
cos* [ 
AS 
0 
A3 
AS 
AS 
0 
0 
0 
0 
0 
0 
AO 
0 
0 
AS 
0 
AO 
0 
0 
0 
TO 
AS 
0 
1 
OAMAcc axpj 
HlQ. I S >0 
0 
s\s 
0 
7 
0 
0 
0 
0 
2 
S/0 
0 
0 
I 
3 
7 
0 
6/0 
S 
S 
7 
0 
2 
0 
s 
7 
0 
2 
6/0 
7 
3 
ritfTi 
o«6. II 
A3 
Al3 
AS 
AS 
AO 
A3 
A3 
0 
0 
0 
M 
A2 
0 
0 
0 
AS 
I 
AS 
0 
0 
IT? 
0 
AS 
0 
c« 
113 
APPENDIX VI 
TABLE 21. SUMMARY OF FREIDMAN ANALYSIS FOR SOURCE DIFFERENCES 
IN LEAF HARDINESS AT THE VARIOUS DEVELOPMENTAL STAGES 
USED IN EXPERIMENfTZ 
114 
Table 21. Summary of Freidman two-way analysis by rands for source 
differences in the hardiness of leaf tissue at various 
developmental stages. 
source sum of ranks (Rj ) 
Bearskin L. 23.0 
Pickle L 15.0 
Thunder Bay 19.5 
N. Wisconsin 12.5 
=1290.5 
2Idjj^-djj =18.0 
Q‘= 5.86 
Prob.= 0.122 
The ststistic Q* is defined by (Lehmann,1975); 
Q‘= [ 12/Ns(s+1 )]2Rj"" 2_3N(S+ i) 
1- 22 (djj3-djj)/Ns(52-1) 
where Q* = Freidman's Q statistic (with the correction for ties) 
N = numberof blocks (morphological stages) 
s = treatments (geographic sources) 
dij= the number of observations tied for a given block 
The hypothesis of no differences among sources is rejected if; 
Q* > c 
and the critical value c, is determined by the c^-distribution with s-1 
degrees of freedom. 
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APPENDIX VII 
TABLE 22. TESTS FOR HOMOGENEIP/ OF VARIANCE. SKEWNESS. KURTOSIS 
FIGURE 11. NORMAL PROBABILITY PLOTS FOR EACH ANOVA IN EXPERIMENT 1.2 
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Table 22 Tests for homogeneity of variance, skewness, kurtosis 
ANOVA Homogeneity of Variance Skewness Kurtosis 
Cochrans' C (11,12)3 
% survival leaf tissue 
% survival stem tissue 
% bud break 
0.174; P=0.152 
0.158; P=0.331 
0.164; P=0.254 
-0.415 -0.730 
-0.681 -0.771 
-0.165 -1.281 
3 Cochran’s C is based on the following algorithm (Winer, 1971): 
C — S^iargest 
The parameters of the sampling distribution of this statistic are k, the number of 
treatments, and n-1, the degrees of freedom for each of the variances. Tables for the C 
statistic are given by Winer (1971). 
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(a) % survival: leaf tissue (t>) 7. suryival: stem tissue (c) percent bud break 
Figure 11. Normal probability plots lor each ANOVA in Experiment 1.2 
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APPENDIX VIII 
TABLE 23. DAMAGE SCORES BY DEVELOPMENTAL STAGE FOR EACH 
PROVENACE IN EXPERIMENT 2. 
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Table 23 Damage scores by developmental stage lor each provenance 
in Experiment 2. A Ml description ol the damage categories 
is given in Table •<, page 22. 
Source 
Develop. Freezer 
Stage Temp. 
DAK<AG£ score BY lePLICATION 
I II III IV 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
Wisconsin 
5 
- 3 
- 6 
- 9 
- \ 2 
- 1 6 
-24 
5 
- 3 
- 6 
- 9 
-1 2 
- 1 8 
■24 
5 
- 3 
- 6 
• 9 
- 1 2 
- 1 8 
- 2 4 
5 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
S 
- 3 
- 6 
- 9 
- I 2 
- 1 6 
-24 
S 
- 3 
- 6 
- 9 
-1 2 
- 1 8 
-24 
S 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
0 
0 
0 
0 
0 
4 
8 
0 
0 
1 
0 
0 
6/0 
8 
0 
0 
0 
0 
0 
0 
8 
0 
0 
6/0 
0 
0 
5 
8 
0 
0 
0 
0 
5 
8 
8 
6/0 
0 
0 
7 
8 
8 
8 
6/0 
6/0 
7 
8 
8 
8 
8 
0 
0 
0 
1 
0 
3 
7 
0 
0 
1 
0 
0 
4 
8 
0 
0 
1 
0 
0 
1 
7 
0 
0 
6/0 
0 
0 
5 
8 
0 
6/0 
0 
6/0 
5 
8 
8 
6/0 
6/0 
0 
7 
a 
8 
8 
6/0 
6/0 
7 
8 
8 
8 
8 
0 
0 
0 
1 
0 
2 
8 
0 
0 
0 
0 
1 
0 
7 
0 
0 
0 
0 
0 
4 
8 
0 
0 
0 
0 
0 
4 
8 
0 
6/0 
1 
0 
7 
6 
8 
6/0 
0 
1 
1 
6 
8 
8 
6/0 
6/0 
7 
7 
6 
8 
8 
0 
0 
0 
0 
t 
4 
7 
0 
0 
0 
0 
0 
5 
8 
0 
0 
0 
0 
0 
7 
8 
0 
0 
0 
0 
6/0 
7 
8 
0 
0 
6/1 
4 
7 
8 
8 
6/0 
6/0 
6/1 
6/2 
6 
8 
6 
6/0 
6/1 
7 
8 
8 
8 
8 
0 
0 
0 
0 
4 
3 
7 
0 
0 
0 
0 
0 
2 
5 
1 
0 
0 
0 
0 
1 
8 
0 
0 
0 
1 
6/0 
8 
8 
0 
0 
2 
3 
7 
8 
8 
6/0 
0 
7 
6/2 
6 
8 
8 
6/0 
6/2 
6/3 
8 
8 
8 
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TaW« 23 Damage scores by developmental stage (or each provenance 
in Experiment 2. A full description of the damage categories 
is given in Table 4, page 22. 
Source 
Develop. Freezer 
Stage Temp. 
DAMAGE SCOflE BY REPLICATION 
I II III tv 
Thunder Bay 
Thunder Bay 
Thunder Bay 
Thunder Bay 
Thurtder Bay 
Thunder Bay 
Thurtder Bay 
5 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
- 2 4 
S 
- 3 
- 6 
- 9 
- 1 2 
• 1 8 
-24 
5 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
• 24 
5 
• 3 
- 6 
• 9 
- 1 2 
- 1 8 
-24 
S 
- 3 
- 6 
- 9 
- 1 2 
-1 6 
-24 
S 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
S 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
0 
0 
0 
0 
0 
0 
6/3 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
6/0 
0 
8 
8 
0 
0 
0 
0 
0 
2 
7 
0 
0 
0 
5 
5 
8 
8 
6/0 
0 
0 
5 
8 
7 
8 
6/0 
0 
7 
8 
8 
8 
8 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
3 
0 
7 
0 
0 
0 
0 
0 
5 
7 
0 
0 
0 
0 
0 
2 
7 
0 
0 
0 
6/3 
7 
8 
8 
6/0 
6/0 
6/0 
7 
5 
7 
6 
6/1 
8 
6/1 
7 
8 
8 
8 
1 
0 
0 
1 
0 
0 
3 
0 
0 
4 
0 
1 
3 
7 
0 
0 
0 
0 
6/0 
1 
7 
0 
0 
0 
0 
0 
7 
7 
0 
0 
1 
4 
8 
8 
6 
6/0 
6/1 
6/0 
6/1 
7 
8 
8 
6/0 
6/0 
7 
7 
8 
8 
8 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
3 
2 
4 
0 
0 
0 
0 
0 
6/2 
6 
0 
0 
0 
0 
0 
6/2 
7 
0 
1 
2 
7 
7 
6 
8 
6/0 
0 
6/1 
6/1 
7 
7 
8 
6/0 
6/0 
6/1 
8 
8 
8 
8 
0 
0 
3 
0 
0 
2 
6/3 
0 
0 
2 
2 
1 
2 
7 
0 
0 
0 
0 
0 
6/2 
8 
0 
0 
0 
0 
0 
6/2 
7 
0 
0 
0 
7 
s 
8 
8 
0 
6/0 
6/1 
6/1 
7 
8 
8 
6/1 
6/0 
6/1 
6/3 
8 
8 
8 
121 
Table 23 Damage scores by developmental stage (or each provenance 
in Ejcperiment 2. A ftril description of the damage categories 
is given in Table 4. page 22. 
Source 
Develop. 
Sago 
Freezer 
Temp. 
DAIvlAGF SCORE BY BEFn_CATION 
I II III IV 
Pickle Lake 
Pickle Lake 
Pickle Lake 
Pickle Lake 
Pickle Lake 
Pickle Lake 
Pickle Lake 
5 
- 3 
- 6 
- 9 
-1 2 
- 1 8 
-2 4 
5 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
5 
- 3 
- 6 
- 9 
• 1 2 
- 1 8 
-24 
5 
- 3 
- 6 
- 9 
- 1 2 
- t e 
-24 
S 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
5 
- 3 
- 6 
• 9 
- 1 2 
- \ 8 
-24 
S 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
0 
0 
0 
0 
0 
4 
5 
0 
0 
0 
0 
0 
1 
s 
0 
0 
1 
0 
0 
5 
7 
0 
0 
0 
4 
0 
7 
6 
0 
0 
0 
s 
8 
7 
8 
0 
0 
6/0 
3 
7 
8 
8 
6/0 
6/0 
6/3 
3/8 
8 
8 
8 
0 
0 
0 
0 
0 
0 
3 
0 
0 
t 
3 
S 
5 
5 
0 
0 
0 
0 
0 
7 
7 
0 
0 
0 
0 
0 
7 
6 
0 
0 
6/0 
6/1 
8 
8 
8 
0 
6/0 
8 
3 
3 
8 
8 
6/0 
6/0 
6/3 
7 
8 
8 
8 
0 
0 
1 
0 
0 
0 
7 
0 
4 
1 
2 
4 
5 
7 
0 
0 
0 
0 
1 
7 
7 
0 
0 
0 
0 
1 
3 
8 
0 
0 
0 
6/1 
5 
7 
8 
6/0 
4 
6/3 
6/2 
7 
8 
8 
6/0 
6/1 
7 
3/8 
6 
8 
8 
0 
0 
0 
4 
0 
1 
7 
0 
2 
0 
0 
1 
s 
s 
0 
0 
0 
6/2 
1 
7 
7 
0 
3 
0 
1 
0 
5 
7 
6/0 
6/0 
0 
6/1 
5 
7 
8 
6/0 
0 
0 
7 
7 
e 
8 
6/0 
6/0 
7 
8 
B 
e 
8 
0 
0 
0 
3 
0 
4 
7 
0 
0 
0 
0 
2 
5 
7 
0 
0 
0 
6/0 
1 
7 
7 
0 
0 
0 
2 
0 
5 
7 
0 
6/0 
0 
6/1 
4 
7 
6 
0 
0 
1 
6/1 
7 
8 
8 
6/0 
6/0 
7 
8 
8 
8 
8 
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Table 23 Oamajo scores by developmeotaJ stage for each provenance 
in Experiment 2. A full description of the damage categories 
is given in Table page 22. 
Source 
Develop. 
Stage 
Freezer 
Temp. 
DAMAGE SCORE BY REPLICATION 
I II III IV 
Bearskin Lake 
Bearskin Lake 
Bearskin Lake 
Bearskin Lake 
Bearskin Lake 
Bearskin Lake 
Bearskin Lake 
5 
- 3 
- 6 
- 9 
- 1 2 
- 1 6 
- 24 
S 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
5 
- 3 
- 6 
- 9 
- t 2 
- 1 8 
-24 
5 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
S 
- 3 
- 6 
- 9 
• 1 2 
- 1 8 
-24 
5 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
S 
- 3 
- 6 
- 9 
- 1 2 
- 1 8 
-24 
0 
0 
0 
1 
0 
0 
6/2 
1 
0 
0 
0 
0 
3 
5 
0 
0 
0 
0 
0 
4 
6/3 
0 
0 
0 
0 
0 
4 
1 /8 
0 
0 
0 
0 
s 
7 
8 
6/0 
6/0 
6/0 
6/1 
8 
8 
8 
6/0 
6/0 
6/2 
6/3 
3/8 
8 
0 
0 
0 
0 
0 
1 
5 
0 
0 
2 
0 
2 
6/3 
4 
0 
0 
0 
0 
0 
3 
5 
0 
0 
0 
0 
.0 
6/0 
5 
0 
0 
0 
6/0 
7 
7 
8 
6/0 
0 
6/1 
6/1 
6 
8 
6 
6/0 
6/1 
6/3 
6/3 
8 
8 
8 
0 
0 
0 
0 
0 
1 
8 
0 
0 
1 
0 
0 
1 
6/2 
0 
0 
0 
1 
0 
3 
7 
0 
6/1 
0 
6/0 
0 
6/1 
7 
6/0 
0 
0 
6/1 
7 
8 
8 
6/0 
6/0 
6/1 
6/3 
6 
8 
8 
6/0 
6/0 
6/3 
6/3 
8 
8 
8 
0 
2 
1 
0 
1 
2 
7 
0 
0 
6/0 
2 
0 
4 
5 
0 
0 
0 
0 
1 
1 
8 
0 
0 
0 
6/0 
1 
5 
8 
6/0 
6/0 
1 
6/2 
6/3 
8 
8 
6 /O 
6/0 
6/1 
7 
8 
8 
6 
6/3 
6/0 
6/2 
6/3 
6 
8 
6 
0 
0 
4 
0 
1 
7 
7 
6/0 
1 
6/2 
0 
1 
7 
4 
0 
0 
0 
0 
4 
1 
8 
0 
6/0 
1 
0 
1 
5 
8 
0 
6/0 
6/0 
6/2 
6/3 
7 
6 
6/0 
6/0 
6/0 
7 
8 
8 
8 
6/0 
6/ 1 
6/3 
7 
8 
8 
8 
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APPENDIX IX 
TABLE 24. MEAN HARDINESS LEVELS AND MEAN % BUD BREAK IN EXPT. 1.1 
TABLE 25. MEAN HARDINESS LEVELS AND MEAN % BUD BREAK IN EXPT. 1.2 
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Table 24. Summary of leaf hardiness, stem hardiness, and percent bud break 
in Experiment 1.1. 
Source 
N. Wisconsin 
Bearskin L 
Incub. 
Period 
0 
1 4 
1 4 
Incub. 
Temp. 
15-5°C 
25-15°C 
15-5'C 
25-15°C 
15-5°C 
25-1 5°C 
15-5°C 
25-15“C 
15-5°C 
25-15°C 
IS-S'-C 
25-1 5°C 
15-5«C 
25-1 5°C 
15-5°C 
25-1 5“C 
is-s-c 
25-15”C 
is-s-c 
25-15°C 
leaf 
hardiness 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-26.30 
-27.00 
-25.60 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
stem 
hardiness 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-26.30 
-27.00 
-25.60 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
% bud 
break 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
9.40 
27.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
6.30 
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Table 25 Summary of leaf hardiness, stem hardiness, and percent bud break 
in Experiment 1.2. 
Source 
Incub. 
Period 
Incub. 
Temp. 
leaf 
hardiness 
stem 
hardiness 
% bud 
break 
N. Wisconsin 
Bearskin L 
1 1 
1 1 
15-5°C 
25-15°C 
15-5“C 
25-1 S^C 
15-5°C 
25-15“C 
15-5°C 
25-1 5'’C 
15-5”C 
25-15”C 
15-5°C 
25-15*0 
15-5*C 
25-15°C 
15-5°C 
25-15*C 
15-5*C 
25-15*C 
15-5“C 
25-15*C 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-20.30 
-1 7.70 
-5.00 
-13.00 
-5.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-23.70 
-25.70 
-17.00 
-20.30 
-11.00 
-27.00 
-27.00 
-27.00 
-27.00 
-27.00 
-25.00 
-24.30 
-1 7.70 
-23.00 
-13.70 
-27.00 
-27.00 
-27.00 
-27.00 
■27.00 
-27.00 
-26.30 
■25.70 
-26.30 
■20.30 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
9.40 
27.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
6.30 
